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1
PROCESS FOR PREPARING PROPYLENE
OXIDE

The present invention relates to a continuous process for
the preparation of propylene oxide wherein a titanium
zeolite of framework structure type MWW comprising zinc
is employed as epoxidation catalyst and wherein in the
liquid feed stream passed into the epoxidation reactor, at
least one dissolved potassium salt of a phosphorus oxyacid
is present, wherein the molar ratio of potassium relative to
phosphorus in the potassium salt of the at least one phos-
phorus oxyacid is in the range of from 0.6 to 1.4.

Propylene oxide is an important intermediate in the
chemical industry. A suitable process for the preparation of
propylene oxide starts from propene and makes use of
hydrogen peroxide as oxidizing agent, acetonitrile as solvent
and a heterogeneous zeolitic epoxidation catalyst having
MWW framework structure and containing titanium. Ref-
erence is made, for example, to WO 2011/006990. Due to its
importance for industrial-scale processes, it is desired to
carry out this epoxidation reaction as efficiently as possible.
Therefore, the conversion rates of the starting materials and
the selectivity to propylene oxide should be as high as
possible.

For a specific case where hydrogen peroxide is produced
in situ in the epoxidation reactor, WO 2009/008493 teaches
that an ammonium salt should be present in the reactor. As
conceivable salts, ammonium carbonate, ammonium hydro-
gen carbonate, ammonium dihydrogen phosphate, ammo-
nium hydrogen phosphate, ammonium phosphate, ammo-
nium hydrogen pyrophosphate, ammonium pyrophosphate,
ammonium chloride, ammonium nitrate and ammonium
acetate are disclosed. As preferred salts, ammonium dihy-
drogen phosphate, ammonium hydrogen phosphate, and
ammonium phosphate are mentioned. According to the
examples of WO 2009/008493 where hydrogen peroxide is
formed in situ from hydrogen and oxygen as starting mate-
rials and where, accordingly, a noble metal catalyst is
employed in combination with a titanium containing zeolite
catalyst of structure type MWW, ammonium dihydrogen
phosphate is used. A theoretical example of WO 2009/
008493 where hydrogen peroxide is employed as such and
where a titanium containing zeolite catalyst of structure type
MWW is employed without an additional noble metal
catalyst, no ammonium salt is added.

WO 2011/006990, cited above, teaches in the example the
use of ammonium dihydrogen phosphate.

US 2011/0190517 Al relates to a titanium-MWW catalyst
and its use in olefin oxidation with hydrogen peroxide. It is
disclosed that, if the epoxidation is carried out in the liquid
phase, a buffer may be added. Buffers may be any suitable
salts of oxyacids, wherein the anion may be phosphate,
carbonate, bicarbonate, carboxylates, citrate, borate,
hydroxide, silicate, aluminosilicate, or the like, and the
cation may be ammonium, alkylammoniums, alkali metals,
alkaline earth metals, or the like. The addition of buffers is
however not suggested by the examples.

WO 2012/157473 Al relates to a method for producing a
titanosilicate-containing catalyst and a method for epoxidiz-
ing an olefin with hydrogen peroxide by a catalytic reaction
with said catalyst. Also in this process, a buffering agent may
be employed, which is however not supported by the
examples.

It was an object of the present invention to provide an
improved continuous process for the epoxidation of propene
with hydrogen peroxide as oxidizing agent in the presence of
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a catalyst containing a titanium zeolite of framework struc-
ture type MWW and in the presence of acetonitrile as
solvent.

It was a further object of the present invention to provide
a catalytic system which exhibits an excellent long-time
stability, in particular in terms of propylene oxide selectivity.

Surprisingly, it was found that these objects can be solved
if in the continuous reaction, a specific titanium zeolite of
framework structure type MWW is employed as epoxidation
catalyst and a liquid feed stream to be fed into the epoxi-
dation reactor is provided which comprises propene, hydro-
gen peroxide, acetonitrile, water, and at least one dissolved
potassium salt which has a specific molar ratio of potassium
relative to phosphorus.

Therefore, the present invention relates to a continuous
process for the preparation of propylene oxide, comprising
(1) providing a liquid feed stream comprising propene,

hydrogen peroxide, acetonitrile, water, optionally pro-

pane, and at least one dissolved potassium salt of a

phosphorus oxyacid;

(i1) passing the liquid feed stream provided in (i) into an
epoxidation reactor comprising a catalyst comprising a
titanium zeolite of structure type MWW comprising zinc,
and subjecting the liquid feed stream to epoxidation
reaction conditions in the epoxidation reactor, obtaining a
reaction mixture comprising propylene oxide, acetoni-
trile, water, the at least one dissolved potassium salt of a
phosphorus oxyacid, optionally propene, and optionally
propane;

(iii) removing an effluent stream from the epoxidation
reactor, the effluent stream comprising propylene oxide,
acetonitrile, water, at least a portion of the at least one
dissolved potassium salt of a phosphorus oxyacid, option-
ally propene, and optionally propane;

wherein the molar ratio of potassium relative to phosphorus

in the at least one potassium salt of a phosphorus oxyacid is

in the range of from 0.6 to 1.4.

Further, the present invention relates to a catalytic system
comprising a catalyst comprising a titanium zeolite of struc-
ture type MWW comprising zinc, and comprising at least
one potassium salt of a phosphorus oxyacid, wherein the
molar ratio of potassium relative to phosphorus in the
potassium salt of the at least one phosphorus oxyacid is in
the range of from 0.6 to 1.4.

Yet further, the present invention relates to a use of at least
one potassium salt of a phosphorus oxyacid wherein the
molar ratio of potassium relative to phosphorus in the
potassium salt of the at least one phosphorus oxyacid is in
the range of from 0.6 to 1.4 as an additive for a titanium
zeolite of framework structure type MWW comprising zinc
in a preferably continuous process for the preparation of
propylene oxide.

Step (1)

According to step (i) of the process of the present inven-
tion, the provided stream comprises at least one dissolved
potassium salt of a phosphorus oxyacid wherein the molar
ratio of potassium relative to phosphorus in the at least one
potassium salt of the phosphorus oxyacid is in the range of
from 0.6 to 1.4. The term “at least one dissolved potassium
salt of a phosphorus oxyacid” as used in this context of the
present invention either relates to one potassium salt of a
phosphorus oxyacid which, dissolved in the liquid feed
stream, meets the requirement of the molar ratio of potas-
sium relative to phosphorus in the range of from 0.6 to 1.4.
In this case, if the oxyacid is, for instance, H;PO,, it is
possible, for example, to prepare a liquid feed with a molar
ratio of potassium relative to phosphorus other than 1 by
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suitably providing a mixture of KH,PO, and H;PO,. The
term “at least one dissolved potassium salt of a phosphorus
oxyacid” also relates to two or more potassium salts wherein
a first potassium salt can be the salt of a first phosphorus
oxyacid and a second potassium salt can be the salt of a
second phosphorus oxyacid which is different from the first
phosphorus oxyacid. If two or more dissolved potassium
salts are employed, it is the total molar amount of potassium
of the dissolved salts relative to the total molar amount of
phosphorus of the dissolved salts which defines the molar
ratio of potassium relative to phosphorus in the range of
from 0.6 to 1.4. Also in this case where two or more
potassium salts are employed, it is possible to prepare a
liquid feed with a molar ratio of potassium relative to
phosphorus within the defined range by suitably providing a
mixture of the two or more potassium salts and the respec-
tive oxyacids. The term “dissolved” defines that the at least
one potassium salt of a phosphorus oxyacid is present in the
liquid feed stream below the solubility limit which in turn is
the saturation concentration of the at least one potassium salt
of'a phosphorus oxyacid in the liquid feed stream. A simple
procedure to evaluate whether the amount of the at least one
potassium salt of a phosphorus oxyacid being added is
below the solubility limit is passing the liquid feed stream
before entering the epoxidation reactor through a filter and
measure the pressure drop across the filter. If the pressure
drop across the filter does not increase with time on stream
and the at least one potassium salt of a phosphorus oxyacid
is not found on the filter when it is taken offline, the amount
of the at least one potassium salt of a phosphorus oxyacid is
below the solubility limit.

Generally, there are no specific restrictions regarding the
chemical nature of the one or more phosphorus oxyacids.
Preferably, the at least one potassium salt of a phosphorus
oxyacid has the following formula (I)

Kot 11 nO3ns1 D

wherein n is an integer in the range of from 1 to 10,
preferably from 1 to 9, more preferably from 1 to 8, more
preferably from 1 to 7, more preferably from 1 to 6, more
preferably from 1 to 5, more preferably from 1 to 4, more
preferably from 1 to 3, more preferably from 1 to 2, and
wherein X is in the range of from 0.6 to 1.4, preferably from
0.7 to 1.3, more preferably from 0.8 to 1.2, more preferably
from 0.9 to 1.1. The formula (I) given above defines the sum
of all potassium salts dissolved in the liquid feed stream.
Preferably, the integer n according to formula (I) is 1, and
X is in the range of from 0.6 to 1.4, preferably from 0.7 to
1.3, more preferably from 0.8 to 1.2, more preferably from
0.9 to 1.1. Also preferably, the number x according to
formula () is in the range of from 0.95 to 1.05, and n is an
integer in the range of from 1 to 10, preferably from 1 to 9,
more preferably from 1 to 8, more preferably from 1 to 7,
more preferably from 1 to 6, more preferably from 1 to 5,
more preferably from 1 to 4, more preferably from 1 to 3,
more preferably from 1 to 2. More preferably, the integer n
according to formula (I) is 1, and the number x according to
formula (1) is in the range of from 0.95 to 1.05 such as 0.95,
0.96, 0.97, 0.98, 0.99, 1.00, 1.01, 1.02, 1.03, 1.04, 1.05.
Therefore, the present invention also relates to the process
as defined above, comprising
(1) providing a liquid feed stream comprising propene,
hydrogen peroxide, acetonitrile, water, optionally pro-
pane, and at least one dissolved potassium salt of a
phosphorus oxyacid;
(i1) passing the liquid feed stream provided in (i) into an
epoxidation reactor comprising a catalyst comprising a
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titanium zeolite of structure type MWW comprising zinc,
and subjecting the liquid feed stream to epoxidation
reaction conditions in the epoxidation reactor, obtaining a
reaction mixture comprising propylene oxide, acetoni-
trile, water, the at least one dissolved potassium salt of a
phosphorus oxyacid, optionally propene, and optionally
propane;

(iii) removing an effluent stream from the epoxidation
reactor, the effluent stream comprising propylene oxide,
acetonitrile, water, at least a portion of the at least one
dissolved potassium salt of a phosphorus oxyacid, option-
ally propene, and optionally propane;

wherein the at least one potassium salt of a phosphorus

oxyacid has the following formula (I)

Kot 11 nO3ns1 D

and wherein n is 1 and x is in the range of from 0.95 to 1.05.

Further, the present invention relates to a catalytic system
comprising a catalyst comprising a titanium zeolite of struc-
ture type MWW comprising zinc, and comprising at least
one potassium salt of a phosphorus oxyacid, wherein the at
least one potassium salt of a phosphorus oxyacid has the
following formula (I)

Kot 11 nO3ns1 D

and wherein n is 1 and x is in the range of from 0.95 to 1.05.
For example, x can be 1.

Yet further, the present invention relates to a use of at least
one potassium salt of a phosphorus oxyacid wherein the at
least one potassium salt of a phosphorus oxyacid has the
following formula (I)

KoisHo (10 PnO3,+1 0]

and wherein n is 1 and x is in the range of from 0.95 to 1.05
as an additive for a titanium zeolite of framework structure
type MWW comprising zinc in a preferably continuous
process for the preparation of propylene oxide.

Generally, the concentration of the at least one dissolved
potassium salt of a phosphorus oxyacid in the liquid feed
stream provided in (i) is not subject to specific restrictions.
Preferably, the molar ratio of potassium comprised in the at
least one dissolved potassium salt of a phosphorus oxyacid
relative to the hydrogen peroxide comprised in the liquid
feed stream provided in (i) is in the range of from 25x107%:1
to 250x107%:1, preferably from 50x107%1 to 200x107:1,
more preferably from 100x107%1 to 150x107%1. If, for
example, the at least one potassium salt of a phosphorus
oxyacid according to (i) is potassium dihydrogen phosphate,
the molar ratio of potassium dihydrogen phosphate relative
to hydrogen peroxide comprised in the liquid feed stream is
preferably in the range of from 25x107%1 to 250x1075:1,
more preferably from 50x1075:1 to 200x1075:1, more pref-
erably from 100x107%:1 to 150x107%:1.

Preferably, the molar ratio of potassium relative to the
hydrogen peroxide comprised in the liquid feed stream
provided in (i) is in the range of from 25x107%:1 to 250x
107%:1, preferably from 50x107%1 to 200x107°%:1, more
preferably from 100x107%:1 to 150x1075:1.

Generally, the molar ratio of water relative to acetonitrile
in the liquid feed stream provided in (i) is not subject to any
specific restrictions. Preferably, said molar ratio may have
any value resulting from the respective preferred concen-
trations of water and acetonitrile as described above. More
preferably, in the liquid feed stream provided in (i), passed
into the epoxidation reactor and subjected to epoxidation
reactor in (ii), the molar ratio of water relative to acetonitrile
is at most 1:4, more preferably in the range of from 1:50 to
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1:4, preferably from 1:15 to 1:4.1, more preferably from
1:10 to 1:4.2. More preferably, the molar ratio of water
relative to acetonitrile is in the range of from 1:10 to 1:6,
more preferably from 1:9 to 1:7.

Preferably, the liquid feed stream provided in (i) com-
prises
the acetonitrile in amount of from 60 to 75 weight-%,
preferably from 60 to 65 weight-%, based on the total weight
of the liquid feed stream;
the hydrogen peroxide in an amount of from 6 to 10
weight-%, preferably from 7 to 9 weight-%, based on the
total weight of the liquid feed stream;
the propene with a molar ratio of propene relative to
hydrogen peroxide comprised in the liquid feed stream in the
range of from 1:1 to 1.5:1, preferably from 1.1:1 to 1.4:1;
and
optionally the propane with a molar ratio of propane relative
to the sum of propene and propane in the range of from
0.0001:1 to 0.15:1, preferably from 0.001:1 to 0.05:1.

Preferably, at least 95 weight-%, preferably from 95 to
100 weight-%, more preferably from 96 to 100 weight-%,
more preferably from 97 to 100 weight-%, more preferably
from 98 to 100 weight-% of the liquid feed stream provided
in (i) consist of propene, hydrogen peroxide, acetonitrile,
water, the at least one dissolved potassium salt of a phos-
phorus oxyacid, and optionally propane.

More preferably, the liquid feed stream provided in (i)
comprises
the acetonitrile in amount of from 60 to 75 weight-%,
preferably from 60 to 65 weight-%, based on the total weight
of the liquid feed stream;
the hydrogen peroxide in an amount of from 6 to 10
weight-%, preferably from 7 to 9 weight-%, based on the
total weight of the liquid feed stream;
the water in a molar ratio of water relative to acetonitrile of
at most 1:4, preferably in the range of from 1:50 to 1:4,
preferably from 1:15 to 1:4, more preferably from 1:10 to
1:4.2;
potassium comprised in the at least one dissolved potassium
salt of a phosphorus oxyacid relative to the hydrogen
peroxide comprised in the liquid feed stream in the range of
from 25x107%:1 to 250x107°:1, preferably from 50x107%:1
to 200x107%:1, more preferably from 100x1075:1 to 150x
107%:1;
the propene with a molar ratio of propene relative to
hydrogen peroxide comprised in the liquid feed stream in the
range of from 1:1 to 1.5:1, preferably from 1.1:1 to 1.4:1;
and
optionally the propane with a molar ratio of propane relative
to the sum of propene and propane in the range of from
0.0001:1 to 0.15:1, preferably from 0.001:1 to 0.05:1;
wherein at least 95 weight-%, preferably from 95 to 100
weight-%, more preferably from 98 to 100 weight-% of the
liquid feed stream provided in (i) consist of propene, hydro-
gen peroxide, acetonitrile, water, the at least one dissolved
potassium salt of a phosphorus oxyacid, and optionally
propane.

More preferably, the liquid feed stream provided in (i)
comprises
the acetonitrile in amount of from 60 to 75 weight-%,
preferably from 60 to 65 weight-%, based on the total weight
of the liquid feed stream;
the hydrogen peroxide in an amount of from 6 to 10
weight-%, preferably from 7 to 9 weight-%, based on the
total weight of the liquid feed stream;
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the water in a molar ratio of water relative to acetonitrile of
at most 1:4, preferably in the range of from 1:50 to 1:4,
preferably from 1:15 to 1:4, more preferably from 1:10 to
1:4.2;

potassium comprised in the at least one dissolved potassium
salt of a phosphorus oxyacid relative to the hydrogen
peroxide comprised in the liquid feed stream in the range of
from 25x107%:1 to 250x107°:1, preferably from 50x1075:1
to 200x107%:1, more preferably from 100x1075:1 to 150x
107%:1;

potassium with a molar ratio of potassium relative to hydro-
gen peroxide comprised in the liquid feed stream in the
range of from 25x107%1 to 250x107%1, preferably from
50x1075:1 to 200x107°:1, more preferably from 100x107:1
to 150x107%:1;

the propene with a molar ratio of propene relative to
hydrogen peroxide comprised in the liquid feed stream in the
range of from 1:1 to 1.5:1, preferably from 1.1:1 to 1.4:1;
and

optionally the propane with a molar ratio of propane relative
to the sum of propene and propane in the range of from
0.0001:1 to 0.15:1, preferably from 0.001:1 to 0.05:1;
wherein at least 95 weight-%, preferably from 95 to 100
weight-%, more preferably from 98 to 100 weight-% of the
liquid feed stream provided in (i) consist of propene, hydro-
gen peroxide, acetonitrile, water, the at least one dissolved
potassium salt of a phosphorus oxyacid, and optionally
propane.

Preferably, the liquid feed stream provided in (i), prefer-
ably passed as the sole feed stream into the epoxidation
reactor, is free of ammonium dihydrogen phosphate. More
preferably, the liquid feed stream provided in (i), preferably
passed as the sole feed stream into the epoxidation reactor,
is free of ammonium phosphate, ammonium hydrogen phos-
phate and ammonium dihydrogen phosphate. More prefer-
ably, the liquid feed stream provided in (i), preferably passed
as the sole feed stream into the epoxidation reactor, is free
of ammonium carbonate, ammonium hydrogen carbonate,
ammonium dihydrogen phosphate, ammonium hydrogen
phosphate, ammonium phosphate, ammonium hydrogen
pyrophosphate, ammonium pyrophosphate, ammonium
chloride, ammonium nitrate, and ammonium acetate. More
preferably, the liquid feed stream provided in (i), preferably
passed as the sole feed stream into the epoxidation reactor,
is free of an ammonium salt. The term “free of” as used in
this context of the present invention relates to a concentra-
tion of a respective compound of at most 2 weight-ppm,
preferably at most 1 weight-ppm, based on the total weight
of the liquid feed stream. Therefore, the present invention
also relates to the process as described above, wherein the
liquid feed stream provided in (i), preferably passed as the
sole feed stream into the epoxidation reactor, contains
ammonium NH,* in amount of at most 2 weight-ppm,
preferably at most 1 weight-ppm, based on the total weight
of the liquid feed stream.

Preferably, the liquid feed stream provided in (i), prefer-
ably passed as the sole feed stream into the epoxidation
reactor, contains sodium in a molar ratio of sodium relative
to hydrogen peroxide in the range of from 1x107%1 to
250%x107°:1, preferably from 5x107%1 to 50x107%1.

Preferably, the liquid feed stream provided in (i), prefer-
ably passed as the sole feed stream into the epoxidation
reactor, does not comprise dissolved dipotassium hydrogen-
phosphate (K,HPO,).

Generally, the liquid feed stream can be provided in (i)
according to any conceivable method. Preferably, the liquid
feed stream is provided in (i) by combining at least four
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individual streams wherein a first stream comprises hydro-
gen peroxide, a second stream comprises propene and
optionally propane, a third stream comprises acetonitrile and
optionally water, and a fourth stream comprises the at least
one potassium salt of a phosphorus oxyacid.

These at least four individual stream can be combined in
every suitably order. Preferably, the stream comprising the at
least one potassium salt of a phosphorus oxyacid is com-
bined with the stream comprising hydrogen peroxide, and
the resulting combined stream is combined with a stream
which results from combining the stream comprising
acetonitrile and the stream comprising propene and option-
ally propane. The thus obtained stream is the liquid stream
provided in (i).

Therefore, the present invention also relates to the process
as described above, wherein in (i), the liquid feed stream is
provided by combining a stream comprising hydrogen per-
oxide, a stream comprising acetonitrile and optionally water,
and a stream comprising propene and optionally propane,
wherein an aqueous stream comprising the at least one
dissolved potassium salt of a phosphorus oxyacid is com-
bined with the stream comprising hydrogen peroxide, or
with the stream comprising acetonitrile and optionally water,
or with the stream comprising propene and optionally pro-
pane, or with a mixed stream of two or three of these
streams, preferably with the stream comprising hydrogen
peroxide, or with the stream comprising acetonitrile and
optionally water, or with a mixed stream thereof.

Preferably, the stream comprising the at least one potas-
sium salt of a phosphorus oxyacid is an aqueous stream of
the at least one potassium salt of a phosphorus oxyacid
wherein preferably at least 98 weight-%, more preferably at
least 99 weight-%, more preferably at least 99.5 weight-%,
more preferably at least 99.9 weight-% of the aqueous
stream consist of water and the at least one potassium salt of
a phosphorus oxyacid. Preferably, the aqueous stream con-
tains the at least one potassium salt of a phosphorus oxyacid
in a concentration in the range of from 0.1 to 18 weight-%,
more preferably from 0.2 to 15 weight-%, more preferably
from 0.5 to 10 weight-%, more preferably from 1 to 5
weight-%, more preferably from 1 to 3 weight-%, based on
the total weight of the stream.

Preferably, the stream comprising propene additionally
comprises propane wherein preferably at least 98 weight-%,
more preferably at least 99 weight-%, more preferably at
least 99.5 weight-%, more preferably at least 99.9 weight-%
of'the stream consist of propene and propane. Preferably, the
weight ratio of propene relative to propane in the stream is
at least 7:3. For example, commercially available propene
can be employed which may be either a polymer grade
propene or a chemical grade propene. Typically, polymer
grade propene has a propene content in the range of from 99
to 99.8 weight-% and a propane content in the range of from
0.2 to 1 weight-%. Chemical grade propene typically has a
propene content in the range of from 92 to 98 weight-% and
a propane content in the range of from 2 to 8 weight-%.
Preferably, a stream is employed having a propene content
in the range of from 99 to 99.8 weight-% and a propane
content in the range of from 0.2 to 1 weight-%.

Preferably, the stream comprising propene and optionally
propene is free of potassium cations (K*) and free of
phosphorus (P) in the form of anions of at least one
phosphorus oxyacid. The term “free of potassium cations
(K*)” as used in this context of the present invention refers
to a stream comprising propene and optionally propane,
containing potassium cations (K*) in an amount of less than
1 weight-ppm, preferably less than 0.1 weight-ppm, based
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on the total weight of the stream. The term “free of phos-
phorus (P) in the form of anions of at least one phosphorus
oxyacid” as used in this context of the present invention
refers to a stream comprising propene and optionally pro-
pane, containing phosphorus (P) in the form of anions of at
least one phosphorus oxyacid in an amount of less than 1
weight-ppm, preferably less than 0.1 weight-ppm, based on
the total weight of the stream.

According to the process of the present invention, it is
conceivable that in addition to the stream comprising pro-
pene and optionally propane which is used for providing the
liquid feed stream in (i), a further stream comprising pro-
pene and optionally propane may be employed. This further
stream is preferably formed in step (iv) of the present
invention described hereinbelow, wherein the epoxidation
mixture removed according to (iii) is subjected to distilla-
tion. In step (iv), in addition to the bottoms stream com-
prising propylene oxide, acetonitrile and water and being
depleted of propene and optionally propane, a distillation
top stream is obtained being enriched in propene and option-
ally propane. This top stream, optionally after work-up, can
be recycled to the epoxidation reaction as part of the liquid
feed stream provided in (i). The volume ratio of the fresh
stream comprising propene and optionally propane relative
to the recycled stream comprising propene and optionally
propane is in the range of from 0.1:1 to 20:1, preferably from
1:1 to 10:1, more preferably from 2:1 to 5:1.

Preferably, in the continuous process of the present inven-
tion, the stream comprising acetonitrile which is used for
providing the liquid feed stream in (i) at least partially,
preferably essentially consists of a recycled acetonitrile
stream resulting from the work-up of the effluent stream
which is removed in (iii) from the epoxidation reactor and
which comprises propylene oxide, acetonitrile, water, the at
least one potassium salt of a phosphorus oxyacid, optionally
propene, and optionally propane. During the work-up of the
effluent stream, it is preferred to remove essentially all
compounds other than acetonitrile and water from the stream
and recycle the thus purified stream back to the epoxidation
reaction. According to a preferred work-up of the present
invention, the stream comprising propene and optionally
propane as described above is combined with the acetonitrile
recycle stream, either after the final purification stage of the
acetonitrile recycle stream or before the final purification
stage or final purification stages of the acetonitrile recycle
stream. Preferably, the stream comprising propene and
optionally propane as described above is combined with the
acetonitrile recycle stream before the final purification
stages, more preferably before a work-up stage where a
stream comprising acetonitrile and water is subjected to a
phase separation, preferably a liquid-liquid phase separation
and where this phase separation is carried out using the
stream comprising propene and optionally propane as sepa-
ration-promoting compound. Optionally, after this separa-
tion stage, the resulting acetonitrile recycle stream, now
additionally containing propene and optionally propane, can
be subjected to further purification. An especially preferred
work-up of the effluent stream removed according to step
(iii) is described in detail hereinbelow. Preferably, the
acetonitrile recycle stream to which the stream comprising
propene and optionally comprising propane had been added
and which had been preferably subjected to phase separation
and optional further purification has a composition of which
preferably at least 98 weight-%, more preferably at least 99
weight-%, more preferably at least 99.5 weight-% consist of
acetonitrile, water, and propene. More preferably, at least 75
weight-%, more preferably in the range of from 75 to 90
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weight-%, more preferably from 80 to 85 weight-% of the
recycle stream consist of acetonitrile and water. In the
recycle stream, the molar ratio of acetonitrile relative to
water is preferably at most 1:9, more preferably in the range
of from 1:50 to 1:9, preferably from 1:25 to 1:9, more
preferably from 1:25 to 1:10. A preferred process for work-
ing up the effluent stream and recycling the acetonitrile is
described hereinbelow.

For starting the continuous process of the present inven-
tion and for compensating any losses of acetonitrile in the
course of the work-up of the effluent stream obtained in (iii),
a part of the stream comprising acetonitrile used for pro-
viding the liquid feed stream in (i) can be a make-up
acetonitrile stream. Preferably, the make-up acetonitrile
stream is a chemical grade acetonitrile stream having an
acetonitrile content of preferably at least 99.5 weight-%,
more preferably at least 99.7 weight-%, more preferably at
least 99.8 weight-%. Preferably, during the continuous pro-
cess of the present invention, the weight ratio of the recycled
acetonitrile stream relative to the make-up acetonitrile
stream is in the range of from 1000:1 to 100:1, preferably
from 950:1 to 300:1, more preferably from 900:1 to 500:1.

The stream comprising hydrogen peroxide can be pre-
pared according to every conceivable method. It is conceiv-
able to obtain the stream comprising hydrogen peroxide by
converting sulphuric acid into peroxodisulphuric acid by
anodic oxidation with simultaneous evolution of hydrogen
at the cathode. Hydrolysis of the peroxodisulphuric acid
then leads via peroxomonosulphuric acid to hydrogen per-
oxide and sulphuric acid which is thus obtained back. The
preparation of hydrogen peroxide from the elements is also
conceivable. Depending on the specific preparation method,
the stream comprising hydrogen peroxide can be, for
example, an aqueous or an aqueous/methanolic hydrogen
peroxide stream, preferably an aqueous hydrogen peroxide
stream. In case an aqueous hydrogen peroxide feed is
employed, the content of the stream with respect to hydro-
gen peroxide is usually in the range of from 3 to 85
weight-%, preferably from 25 to 75 weight-%, more pref-
erably from 30 to 50 weight-%, such as from 30 to 40
weight-% or from 35 to 45 weight-% of from 40 to 50
weight-%. Preferably, at least 25 weight-%, more preferably
at least 30 weight-%, more preferably at least 35 weight-%
of' the stream comprising hydrogen peroxide consist of water
and hydrogen peroxide. Preferred ranges are from 30 to 80
weight % or from 35 to 75 weight-% or from 40 to 70
weight-%.

According to the present, it is preferred to employ a
stream comprising hydrogen peroxide which is obtained as
crude hydrogen peroxide solution by extraction of a mixture
which results from a process known as anthraquinone pro-
cess by means of which virtually the entire world production
of hydrogen peroxide is produced (see, e.g., Ullmann’s
Encyclopedia of Industrial Chemistry, 5% edition, volume A
13 (1989) pages 443-466) wherein a solution of an anthra-
quinone is used containing an alkyl group preferably having
of from 2 to 10 carbon atoms, more preferably at least 5
carbon atoms such as 5 carbon atoms or 6 carbon atoms and
where the solvent used usually consists of a mixture of two
different solvents. This solution of the anthraquinone is
usually referred to as the working solution. In this process,
the hydrogen peroxide formed in the course of the anthra-
quinone process is generally separated by extraction from
the respective working solution after a hydrogenation/re-
oxidation cycle. Said extraction can be performed preferably
with essentially pure water, and the crude aqueous hydrogen
peroxide solution is obtained. While it is generally possible
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to further purity the thus obtained crude aqueous hydrogen
peroxide solution by distillation, it is preferred, according to
the present invention, to use such crude aqueous hydrogen
peroxide solution which has not been subjected to purifica-
tion by distillation. Further, it is generally possible to subject
the crude aqueous hydrogen peroxide solution to a further
extraction stage wherein a suitable extracting agent, prefer-
ably an organic solvent is used. More preferably, the organic
solvent used for this further extraction stage is the same
solvent which is used in the anthraquinone process. Prefer-
ably the extraction is performed using just one of the
solvents in the working solution and most preferably using
just the most nonpolar solvent of the working solution. In
case the crude aqueous hydrogen peroxide solution is sub-
jected to such further extraction stage, a so-called crude
washed hydrogen peroxide solution is obtained. According
to a preferred embodiment of the present invention, the
crude washed hydrogen peroxide solution is used as hydro-
gen peroxide feed. The production of a crude solution is
described, for example, in European patent application EP 1
122 249 Al. As to the term “essentially pure water”,
reference is made to paragraph 10, page 3 of EP 1 122 249
Al which is incorporated by reference.

In order to provide a sufficient stability of the hydrogen
peroxide during extraction with water, preferably essentially
pure water, suitable stabilizing agents are usually added to
the water, preferably the essentially pure water used. In
particular, strong inorganic acids and/or chelating agents are
to be mentioned. According to preferred extraction pro-
cesses, small amounts of nitrates and/or phosphates and
pyrophosphates, respectively, are added as stabilizing
agents, either as acids or as sodium salts. These stabilizing
agents are usually added in amounts so that the crude
aqueous hydrogen peroxide solution contains from 50 to 400
weight-ppm sodium cations, from 100 to 700 weight-ppm
phosphorus calculated as phosphate (PO,>7), and from 50 to
400 weight-ppm nitrate anions, in each case calculated with
respect to hydrogen peroxide contained in the crude aqueous
hydrogen peroxide solution. Preferred ranges are, for
example, from 50 to 200 weight-ppm or from 50 to 100
weight-ppm of sodium cations, from 100 to 500 weight-ppm
or from 100 to 300 weight-ppm of phosphorus, and 50 to 200
weight-ppm or 50 to 100 weight-ppm of nitrate. Further, it
is conceivable that other stabilizing agents such as stannites
like sodium stannite (Na,SnO,) and/or organic phosphonic
acids, in particular organic diphosphonic acids like etidronic
acid are used. Preferably, the aqueous hydrogen peroxide
stream comprises sodium with a molar ratio of sodium
relative to hydrogen peroxide in the range of from 1x107%:1
to 250x1075:1, more preferably from 5x107%:1 to 50x1075:1.
Therefore, the present invention also relates to the process
above, wherein the stream comprising hydrogen peroxide is
an aqueous hydrogen peroxide stream having a hydrogen
peroxide concentration in the range of from 25 to 75
weight-%, preferably from 30 to 50 weight-%, based on the
total weight of the aqueous hydrogen peroxide stream,
wherein the aqueous hydrogen peroxide stream further com-
prises sodium with a molar ratio of sodium relative to
hydrogen peroxide in the range of from 1x107%1 to 250x
1079, preferably from 5x107%1 to 50x1075:1.

The temperature and the pressure of the liquid feed stream
which is passed into the reactor in (ii) are not subject to any
specific restrictions provided that the stream is liquid. It is
possible that the liquid feed stream fed into the reactor in (ii)
consists of one single liquid phase, of two liquid phases, or
of three or more liquid phases. Preferably, the liquid feed
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stream fed into the reactor in (ii) consists of one single liquid
phase or of two liquid phases, more preferably of one single
liquid phase.

Preferably, the liquid feed stream passed into the reactor
in (ii) has a temperature in the range of from 0 to 60° C.,
more preferably from 10 to 55° C., more preferably from 25
to 50° C. Preferably, the liquid feed stream passed into the
reactor in (ii) is at a pressure in the range of from 14 to 100
bar, more preferably from 14.5 to 50 bar, more preferably
from 15 to 25 bar. Therefore, the present invention relates to
the process as described above, wherein the liquid feed
stream passed into the reactor in (ii) has a temperature in the
range of from 0 to 60° C., preferably from 25 to 50° C., and
is at a pressure in the range of from 14 to 100 bar, preferably
from 15 to 25 bar.

Step (ii)
The Catalyst Comprising a Titanium Zeolite of Framework
Structure Type MWW

According to step (ii) of the process of the present
invention, the liquid feed stream provided in (i) is passed
into an epoxidation reactor comprising a catalyst comprising
a titanium zeolite of framework structure type MWW com-
prising zinc. The term “titanium zeolite of framework struc-
ture type MWW” as used in the context of the present
invention, also referred to as “TiIMWW?, relates to a zeolite
of framework structure MWW which contains titanium as
isomorphous substitution element in the zeolitic framework.
Preferably, the zeolitic framework is essentially free of
aluminum and essentially consists of silicon, titanium, and
oxygen. Preferably, at least 99 weight-%, more preferably at
least 99.5 weight-%, more preferably at least 99.9 weight-%
of the zeolitic framework consist of silicon, titanium, and
oxygen. Optionally, the titanium zeolite of framework struc-
ture type MWW may comprise extra-framework titanium
which is to be understood as every titanium species which is
not part of the MWW zeolitic framework. The preparation of
TIMWW catalysts is described, for example, in US
2007043226 Al, in particular in Examples 3 and 5 of US
2007043226 Al.

The titanium content of the titanium zeolite of framework
structure type MWW is not subject to any specific restric-
tions. Preferably, the titanium zeolite of framework structure
type MWW comprised in the catalyst in (ii) contains tita-
nium, calculated as elemental titanium, in an amount in the
range of from 0.1 to 5 weight-%, more preferably from 0.2
to 4 weight-%, more preferably from 0.5 to 3 weight-%,
more preferably from 1 to 2 weight-%, based on the total
weight of the titanium zeolite of framework structure type
MWW. Therefore, the present invention relates to the pro-
cess as described above, wherein the titanium zeolite of
framework structure type MWW comprised in the catalyst in
(ii) contains titanium, calculated as elemental titanium, in an
amount in the range of from 0.1 to 5 weight-%, preferably
from 1 to 2 weight-%, silicon, based on the total weight of
the titanium zeolite of framework structure type MWW.

In addition to the titanium, the titanium zeolite of frame-
work structure type MWW comprises zinc. Generally, it is
conceivable that zinc is an isomorphous substitution element
which is part of the MWW zeolitic framework structure.
Preferably, zinc is not an isomorphous substitution element.
The zinc which is not an isomorphous substitution element
can be applied to the zeolite by, for example, a spray process,
a wet impregnation process such as an incipient wetness
process, or any other suitable process.

Generally, the titanium zeolite of framework structure
type MWW comprising zinc may comprise at least one
further element other than titanium, silicon, oxygen, and
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zinc. Generally, it is conceivable that this at least one further
element is an isomorphous substitution element which is
part of the MWW zeolitic framework structure. Preferably,
this at least one further element is not an isomorphous
substitution element. Such a further element which is not an
isomorphous substitution element can be applied to the
zeolite by, for example, a spray process, a wet impregnation
process such as an incipient wetness process, or any other
suitable process. Preferably, the at least one further element
is selected from the group consisting of Al, Zr, V, Nb, Ta, Cr,
Mo, W, Mn, Fe, Co, Ni, Ga, Ge, In, Sn, Pb, and a combi-
nation of two or more, preferably from the group consisting
of Zr, V, Nb, Ta, Cr, Mo, W, Mn, Fe, Co, Ni, Ga, Ge, In, Pb,
and a combination of two or more. Preferably, the titanium
zeolite of framework structure type MWW contains zinc as
the sole further element in addition to titanium, silicon, and
oxygen. More preferably, the titanium zeolite of framework
structure type MWW contains zinc as the sole further
element in addition to titanium, silicon, and oxygen wherein
at least 99 weight-%, more preferably at least 99.5 weight-
%, more preferably at least 99.9 weight-% of the zeolitic
framework structure consist of silicon, titanium, and oxy-
gen. More preferably, in case the titanium zeolite of frame-
work structure type MWW contains zinc as the sole further
element, at least 99 weight-%, more preferably at least 99.5
weight-%, more preferably at least 99.9 weight-% of the
titanium zeolite of framework structure type MWW com-
prising zinc consist of zinc, titanium, silicon, and oxygen;
this titanium zeolite of framework structure type MWW
which contains zinc as the sole further element is also
referred to as “ZnTIMWW”.

The zinc content of the titanium zeolite of framework
structure type MWW is not subject to any specific restric-
tions. Preferably, the titanium zeolite of framework structure
type MWW comprised in the catalyst in (ii) contains zinc,
calculated as elemental zinc, in an amount in the range of
from 0.1 to 5 weight-%, more preferably from 0.2 to 4
weight-%, more preferably from 0.5 to 3 weight-%, more
preferably from 1 to 2 weight-%, based on the total weight
of the titanium zeolite of framework structure type MWW.
Therefore, the present invention relates to the process as
described above, wherein the titanium zeolite of framework
structure type MWW comprised in the catalyst in (ii) con-
tains zinc, calculated as elemental zinc, in an amount in the
range of from 0.1 to 5 weight-%, preferably from 1 to 2
weight-%, based on the total weight of the titanium zeolite
of framework structure type MWW.

The catalyst according to (ii), comprising the titanium
zeolite of framework structure type MWW comprising zinc
can consist of the titanium zeolite of framework structure
type MWW comprising zinc, preferably consists of the
ZnTIMWW as described. In such cases, the catalyst can be
the titanium zeolite of framework structure type MWW
comprising zinc in the form of the zeolitic powder which can
be molded, for example as a granule, a microsphere such as
a microsphere obtained from spray drying or by a spray
granulation, a shaped body having, for example, the shape of
a pellet, a tablet, a cylinder, a wheel, a star, a sphere, and so
forth.

Preferably, the catalyst according to (ii), comprising the
titanium zeolite of framework structure type MWW com-
prising zinc, preferably the ZnTiIMWW, is prepared as a
molding comprising the titanium zeolite of framework struc-
ture type MWW comprising zinc, preferably the
ZnTIMWW, by suitably mixing the titanium zeolite of
framework structure type MWW comprising zinc with at
least one binder and/or with at least one binder precursor,
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and optionally at least one pore-forming agent and/or at least
one plasticizing agent. The moldings may be shaped in every
conceivable geometry such as strands, for example having
rectangular, triangular hexagonal, quadratic, oval, or circular
cross-section, stars, tablets, spheres, hollow cylinders, and
the like. Examples of such binders are metal oxides, such as,
for example, SiO,, Al,O,, TiO,, ZrO, or MgO or clays or
mixtures of two or more of these oxides or mixed oxides of
at least two of Si, Al, Ti, Zr, and Mg, with SiO, being
preferred. Pore-forming agent such as mesopore-forming
agents include polymeric vinyl compounds, such as poly-
alkylene oxides like polyethylene oxides, polystyrene, poly-
acrylates, polymethacrylates, polyolefins, polyamides and
polyesters. Pasting agents include organic, in particular
hydrophilic polymers, such as carbohydrates like cellulose,
cellulose derivatives, such as methyl cellulose, and starch,
such as potato starch, wallpaper plaster, polyacrylates,
polymethacrylates, polyvinyl alcohol, polyvinyl pyrroli-
done, polyisobutene or polytetrahydrofuran. The use of
water, alcohols or glycols or mixtures thereof, such as
mixtures of water and alcohol, or water and glycol, such as
for example water and methanol, or water and ethanol, or
water and propanol, or water and propylene glycol, as
pasting agents may be mentioned. Preferably, the catalyst
according to (ii) is employed as a molding having the shape
of an extrudates, preferably an extrudates having a length of
preferably from 1 to 10 mm, more preferably of from 1 to

7 mm, more preferably of from 1 to 5 mm, and a diameter

preferably of from 0.1 to 5 mm, more preferably of from 0.2

to 4 mm, more preferably of from 0.5 to 2 mm. In particular

as far as the preferred catalyst according to (ii) is concerned
comprising the ZnTiIMWW, it is preferred to employ this

catalyst in the form of a micropowder or in the form of a

molding, wherein the molding preferably contains said

micropowder.

Said catalyst used according to step (ii) of the present
invention in the form of a micropowder, comprising the
ZnTIMWW, is preferably characterized by the following
features and embodiments, including the combinations of
embodiments according to the given dependencies:

1. A micropowder, the particles of which having a Dv10
value of at least 2 micrometer, said micropowder com-
prising mesopores having an average pore diameter (4V/
A) in the range of from 2 to 50 nm as determined by Hg
porosimetry according to DIN 66133, and comprising,
based on the weight of the micropowder, at least 95
weight-% of a microporous aluminum-free zeolitic mate-
rial of structure type MWW containing titanium and zinc
(ZnTiMWW). The Dv10 value is understood as being
determined according to Reference Example 4.1 of the
present invention.

2. The micropowder of embodiment 1, having a Dv10 value
in the range of from 2 to 5.5 micrometer, preferably from
3 to 5.5 micrometer.

3. The micropowder of embodiment 1 or 2, having a Dv50
value in the range of from 7 to 25 micrometer and
optionally a Dv90 value in the range of from 26 to 85
micrometer. The Dv50 and Dv90 values are understood as
being determined according to Reference Example 4.1 of
the present invention.

4. The micropowder of any of embodiments 1 to 3, wherein
the mesopores have an average pore diameter (4V/A) in
the range of from 10 to 50 nm, preferably of from 15 to
40 nm, more preferably of from 20 to 30 nm, as deter-
mined by Hg porosimetry according to DIN 66133.

5. The micropowder of any of embodiments 1 to 4, addi-
tionally comprising macropores having an average pore
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diameter (4V/A) in the range of from more than 50 nm,

said macropores preferably having an average pore diam-

eter in the range of from 0.05 to 3 micrometer, as

determined by Hg porosimetry according to DIN 66133.
6. The micropowder of any of embodiments 1 to 5, wherein

the micropores of the ZnTIMWW have an average pore

diameter in the range of from 1.0 to 1.2 nanometer as
determined by nitrogen adsorption according to DIN

66135.

7. The micropowder of any of embodiments 1 to 6, com-
prising, based on the weight of the micropowder, at least
99 weight-%, preferably at least 99.7 weight-% of the
ZnTIMWW.

8. The micropowder of any of embodiments 1 to 7, wherein
the ZnTIMW W contains zinc in an amount of from 1.0 to
2.0 weight-%, preferably of from 1.2 to 1.9 weight-%,
calculated as Zn and based on the weight of the
ZnTIMWW.

9. The micropowder of any of embodiments 1 to 8, wherein
the ZnTIMWW contains titanium in an amount of from
1.0 to 2.0 weight-%, preferably of from 1.2 to 1.8 weight-
%, calculated as Ti and based on the weight of the
ZnTIMWW.

10. The micropowder of any of embodiments 1 to 9, having
a crystallinity, as determined by X-ray diffraction (XRD)
analysis, of at least (804/-10) %, preferably of at least
(85+/-10) %. The crystallinity is understood as being
determined according to Reference Example 4.7 of the
present invention.

11. The micropowder of any of embodiments 1 to 10,
comprising, based on the total weight of the micropowder
and calculated as element, less than 0.001 weight-%,
preferably less than 0.0001 weight-% of a noble metal,
preferably selected from the group consisting of gold,
silver, platinum, palladium, iridium, ruthenium, osmium,
and a mixture of two or more thereof, more preferably
selected from the group consisting of gold, platinum,
gold, and a mixture of two or more thereof.

12. The micropowder of any of embodiments 1 to 11,
comprising, based on the total weight of the micropowder
and calculated as element, less than 0.1 weight.-%, pref-
erably less than 0.01 weight-% of boron.

13. The micropowder of any of embodiments 1 to 12, having

a bulk density of in the range of from 80 to 100 g/ml.

14. The micropowder of any of embodiments 1 to 13, being

a spray powder, preferably obtainable or obtained by spray-

drying.

Further, said catalyst used according to step (ii) of the
present invention in the form of a molding, comprising the
ZnTIMWW, is preferably characterized by the following
features and embodiments, including the combinations of
embodiments according to the given dependencies:

1. A molding, comprising a microporous aluminum-free
zeolitic material of structure type MWW containing tita-
nium and zinc (ZnTiIMWW), said molding preferably
comprising a micropowder comprising, based on the
weight of the micropowder, at least 95 weight-% of a
microporous aluminum-free zeolitic material of structure
type MWW containing titanium and zinc (ZnTiIMWW),
said molding more preferably comprising the micropow-
der according to any of the micropowder embodiments 1
to 14 as described hereinabove, the molding preferably
further comprising at least one binder, preferably a silica
binder.

2. The molding of embodiment 1, comprising mesopores
having an average pore diameter in the range of from 4 to
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40 nm, preferably from 20 to 30 nm as determined by Hg
porosimetry according to DIN 66133.

3. The molding of embodiment 1 or 2, having a crystallinity,
as determined by XRD analysis, of at least (55+/-10) %,
preferably in the range of from ((55 to 75)+/-10) %. The
crystallinity is understood as being determined according
to Reference Example 4.7 of the present invention.

4. The molding of any of embodiments 1 to 3, comprising
the micropowder in an amount in the range of from 70 to
80 weight-% and the silica binder in an amount of from
30 to 20 weight-%, the micropowder together with the
silica binder constituting at least 99 weight-% of the
molding, wherein the molding has a concentration of
silanol groups with respect to the total number of Si atoms
of at most 6%, preferably at most 3%, as determined
according to *°Si MAS NMR. The concentration of the
silanol groups is understood as being determined accord-
ing to Reference Example 4.2 of the present invention.

5. The molding of any of embodiments 1 to 4, being a strand
having circular cross-section and a diameter in the range
of from 1.5 to 1.7 mm and having a crush strength of at
least 5 N, preferably in the range of from 5 to 20 N, more
preferably in the range of from 12 to 20 N, the crush
strength being determined by crush strength test machine
72.5/TS18S according to the method as described in Ref-
erence Example 4.3 of the present invention.

6. The molding of any of embodiments 1 to 5, the >°Si-NMR
spectrum of said molding comprising six peaks at the
following position
peak 1 at —98+/-x ppm,
peak 2 at —104+/—x ppm,
peak 3 at —110+/-x ppm,
peak 4 at —113+/-x ppm,
peak 5 at —115+/-x ppm,
peak 6 at —118+/-x ppm,

with X in any of the peaks being 1.5, preferably 1.0, more

preferably 0.5,

wherein Q which is defined as

0=100*{[a,+a,]/[as+tast+ag)}/as

is at most 2.5, preferably at most 1.6, preferably at most 1.4,

with [a,+a,] being the sum of the peak areas of peaks 1 and

2, and [a,+as+a4] being the sum of the peak areas of peaks

4, 5, and 6, and a; being the peak area of peak 3. These

2°Si-NMR characteristics are understood as being deter-

mined according the Reference Example 4.4 of the present
invention.

7. The molding of any of embodiments 1 to 6, having a water
uptake in the range of from 3 to 8 weight-%, preferably
from 4 to 7 weight-%. The water uptake is understood as
being determined according to Reference Example 4.5 of
the present invention.

8. The molding of any of embodiments 1 to 7, the infrared
spectrum of said molding comprising a band in the region
of (3700-3750)+/-20 cm™" and a band in the region of
(3670-3690)+/-20 cm™, wherein the intensity ratio of the
band in the region of (3700-3750)+/-20 cm™ relative to
the band in the region of (3670-3690)+/-20 cm™ is at
most 1.5, preferably at most 1.4. These IR characteristics
are understood as being determined according the Refer-
ence Example 4.6 of the present invention.

Further, a preferred process for the preparation of said
catalyst according to (ii) in the form of a micropowder
and/or molding, comprising the ZnTIMWW, is characterized
by the following features and embodiments, including the
combinations of embodiments according to the given depen-
dencies:
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1. A process comprising

(a) providing a suspension containing a microporous
aluminum-free zeolitic material of structure type
MWW containing titanium and zinc (ZnTiIMWW);

(b) subjecting the suspension provided in (a) to spray-
drying to obtain a micropowder;

(c) optionally calcining the micropowder obtained in (b),

wherein the micropowder obtained in (b) or (c), prefer-
ably in (c), is preferably the micropowder according to
any of said micropowder embodiments 1 to 14 as
described above.

2. The process of embodiment 1, wherein the suspension

provided in (a) has a solid content in the range of from 5
to 25 weight-%, preferably of from 10 to 20 weight-%, the
suspension preferably being an aqueous suspension.

3. The process of embodiment 1 or 2, wherein the

ZnTiIMWW according to (a) contains zinc in an amount of
from 1.0 to 2.0 weight-%, preferably of from 1.2 to 1.9
weight-%, calculated as Zn, and titanium in an amount of
from 1.0 to 2.0 weight-%, preferably of from 1.2 to 1.8
weight-%, calculated as Ti and based on the weight of the
ZnTIMWW.

4. The process of any of embodiments 1 to 3, wherein in (b),

a spray-apparatus, preferably a spray-tower is used for
spray-drying the suspension, said apparatus having at
least one spray-nozzle, preferably at least one two-com-
ponent nozzle, said nozzle having a diameter in the range
of from 3.5 to 4.5 mm.

5. The process of any of embodiments 1 to 4, wherein in (b),

a spray-apparatus, preferably a spray-tower is used for
spray-drying the suspension, said apparatus being oper-
ated with a nozzle gas having a temperature in the range
of from 20 to 50° C., preferably of from 20 to 30° C., and
a drying gas having a temperature in the range of from
250 to 350° C., preferably of from 275 to 325° C., said
nozzle gas preferably being an inert gas, more preferably
technical nitrogen, and said drying gas preferably being
an inert gas, more preferably technical nitrogen.

6. The process of any of embodiments 1 to 5, wherein in (c),

the micropowder is calcined at a temperature in the range
of from 600 to 700° C. for a duration in the range of from
0.5t 6 h.

7. The process of any of embodiments 1 to 6, further

comprising

(d) shaping the micropowder obtained in (b) or (c) to
obtain a molding;

(e) optionally drying and/or calcining the molding
obtained in (d).

8. The process of embodiment 7, wherein the shaping

according to (d) comprises

(aa) mixing the micropowder with a binder or a binder
precursor, preferably a silica binder or a silica binder
precursor, wherein the weight ratio of the ZnTIMWW
contained in the micropowder relative to silica con-
tained in or resulting from the silica binder is in the
range of from 3:7 to 1:4, to obtain a mixture;

(bb) shaping the mixture obtained in (aa) to obtain the
molding, said shaping preferably comprising subject-
ing the mixture obtained in (aa) to extrusion from
which preferably strands are obtained having a diam-
eter preferably in the range of from 1.0 to 2.0 mm, more
preferably of from 1.5 to 1.7 mm.

9. The process of embodiment 8, wherein in (aa), a carbo-

hydrate and/or water is/are added as pasting agent.
10. The process of embodiment 8 or 9, wherein the mixing
in (aa) is carried out for a duration in the range of from 15
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to 60 min, preferably of from 30 to 55 min, more

preferably of from 40 to 50 min.

11. The process of any of embodiments 7 to 10, wherein in
(d), no mesopore-forming agent selected from the group
consisting of polyalkylene oxides such as polyethylene
oxides, polystyrene, polyacrylates, polymethacrylates,
polyolefins, polyamides, and polyesters is added.

12. The process of any of embodiments 7 to 11, wherein in
(e), the molding is dried at a temperature in the range of
from 100 to 150° C. for a duration in the range of from 10
to 20 h and calcined at a temperature in the range of from
500 to 600° C. for a duration in the range of from 0.5 to
2 h

13. The process of any of embodiments 7 to 12, further
comprising
(f) subjecting the molding obtained in (d) or (e), prefer-

ably in (e), to a water-treatment;

(g) optionally drying and/or calcining the water-treated
molding, wherein the molding obtained in (f) or (g),
preferably in (g), is preferably the molding according to
any of said molding embodiments 1 to 8 as described
above.

14. The process of embodiment 13, wherein in (f), the
water-treatment comprises treating the molding with lig-
uid water in an autoclave under autogenous pressure at a
temperature in the range of from 100 to 200° C., prefer-
ably of from 125 bis 175° C., more preferably of from 140
to 150° C. for a period of from 2 to 24 hours, preferably
of from 6 to 10 h.

15. The process of embodiment 13 or 14, wherein in (f), the
weight ratio of the molding relative to the water is in the
range of from 0.02 to 0.08, preferably of from 0.03 to
0.07, more preferably of from 0.04 to 0.06.

16. The process of any of embodiments 13 to 15, wherein in
(g), the water-treated molding is dried at a temperature in
the range of from 100 to 150° C. for a duration in the
range of from 10 to 20 h and calcined at a temperature in
the range of from 400 to 500° C. for a duration in the
range of from 1 to 3 h.

17. The process of any of embodiments 7 to 16, wherein the
molding is not subjected to steaming.

Regarding said preferred process for the preparation of
said catalyst according to (ii) in the form of a micropowder
and/or a molding, comprising the ZnTiMWW, described
above by embodiments 1 to 17, the ZnTIMWW based on
which the suspension in embodiment 1.(a) is provided, can
be prepared according to all conceivable methods. For
example, it is possible to prepare a microporous aluminum-
free zeolitic material of structure type MWW containing
titanium (TIMWW) and subject the TIMWW to a suitable
treatment to obtain the ZnTIMWW. Further, it is possible to
prepare an aluminum-free zeolitic material of structure type
MWW (MWW) and subject the MWW to a suitable treat-
ment to obtain the ZnTIMWW wherein, for example, both
Zn and Ti are suitably incorporated in the MWW. Further, it
is conceivable to prepare aluminum-free zeolitic material of
structure type MWW wherein, during the synthesis of the
MW W-type framework, Ti is introduced and the resulting
material is subjected to a suitable treatment to incorporate
Zn, or 7Zn is introduced and the resulting material is sub-
jected to a suitable treatment to incorporate Ti, or both Zn
and Ti are introduced. As conceivable methods for the
preparation of TIMWW, the processes as described, for
example, in U.S. Pat. No. 6,114,551, or in Wu et al,
“Hydrothermal Synthesis of a novel Titanosilicate with
MWW Topology”, Chemistry Letters (2000), pp. 774-775
may be mentioned. Preferably, an aluminum-free zeolitic
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material of structure type MWW containing Ti (TIMWW) is

prepared in a first stage, and in a second stage, the TIMWW

is subjected to a suitable treatment to obtain the ZnTIMWW.

More preferably, the ZnTiIMWW is prepared according to a

process comprising

(D) preparing an aluminum-free zeolitic material of structure
type MWW containing boron (B-MWW);

(II) deboronating the B-MWW to obtain an aluminum-free
zeolitic material of structure type MWW (MWW);

(IIT) incorporating titanium (T1) into the MWW to obtain an
aluminum-free zeolitic material of structure type MWW
containing Ti (TIMWW);

(IV) preferably acid-treating the TIMWW;

(V) subjecting the TIMWW to zinc (Zn) impregnation to
obtain the ZnTIMWW.

Preferably, in stage (I), the B-MWW is prepared by a
process whose preferred steps and conditions are defined by
the following embodiments 1 to 28 and the respective
dependencies as indicated:

1. A process for preparing an aluminum-free boron contain-
ing zeolitic material comprising the framework structure
MWW (B-MWW), comprising
(a) hydrothermally synthesizing a B-MWW precursor

from a synthesis mixture containing water, a silicon
source, a boron source, and an MWW template com-
pound obtaining the B-MWW precursor in its mother
liquor, the mother liquor having a pH above 9;

(b) adjusting the pH of the mother liquor, obtained in (a)
and containing the B-MWW precursor, to a value in the
range of from 6 to 9;

(c) separating the B-MWW precursor from the pH-ad-
justed mother liquor obtained in

(b) by filtration in a filtration device.

2. The process of embodiment 1, wherein in (a), at least 95
weight-%, preferably at least 99 weight-%, more prefer-
ably at least 99.9 weight-% of the synthesis mixture
consist of the water, the silicon source, the boron source,
and the template compound.

3. The process of embodiment 1 or 2, wherein in (a), the
silicon source is selected from the group consisting of
fumed silica, colloidal silica, and a mixture thereof, the
silicon source preferably being colloidal silica, more
preferably ammonia-stabilized silica, the boron source is
selected from the group consisting of boric acid, borates,
boron oxide, and a mixture of two or more thereof, the
boron source preferably being boric acid, and the MWW
template compound selected from the group consisting of
piperidine, hexamethylene imine, N,N,N,N'.N'N'-hexam-
ethyl-1,5-pentanediammonium ion, 1,4-bis(N-methylpyr-
rolidinium) butane, octyltrimethylammonium hydroxide,
heptyltrimethylammonium hydroxide, hexyltrimethylam-
monium hydroxide, N,N,N-trimethyl-1-adamantyl-am-
monium hydroxide, and a mixture of two or more thereof,
the MWW template compound preferably being piperi-
dine.

4. The process of any of embodiments 1 to 3, wherein in (a),
the synthesis mixture contains the boron source, calcu-
lated as elemental boron, relative to the silicon source,
calculated as elemental silicon, in a molar ratio in the
range of from 0.4:1 to 2.0:1, preferably from 0.6:1 to
1.9:1, more preferably from 0.9:1 to 1.4:1, the water
relative to the silicon source, calculated as elemental
silicon, in a molar ratio in the range of from 1:1 to 30:1,
preferably from 3:1 to 25:1, more preferably from 6:1 to
20:1; and the template compound relative to the silicon
source, calculated as elemental silicon, in a molar ratio in
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the range of from 0.4:1 to 2.0:1, preferably from 0.6:1 to
1.9:1, more preferably from 0.9:1 to 1.4:1.

5. The process of any of embodiments 1 to 4, wherein in (a),
the hydrothermal synthesizing is carried out at a tempera-
ture in the range of from 160 to less than 180° C.,
preferably from 170 to 175° C., for a period of time in the
range of from 1 to 72 h, preferably from 6 to 60 h, more
preferably from 12 to 50 h.

6. The process of any of embodiments 1 to 5, wherein in (a),
the hydrothermal synthesizing is carried out at least
partially under stirring.

7. The process of any of embodiments 1 to 6, wherein in (a),
the synthesis mixture additionally contains a seeding
material, preferably a zeolitic material comprising the
framework structure MWW, more preferably a boron
containing zeolitic material comprising the framework
structure MWW,

8. The process of embodiment 7, wherein the synthesis
mixture contains the seeding material, relative to the
silicon source, in a weight ratio in the range of from
0.01:1 to 1:1, preferably from 0.02:1 to 0.5:1, more
preferably from 0.03:1 to 0.1:1, calculated as amount of
seeding material in kg relative to silicon contained in the
silicon source calculated as silicon dioxide in kg.

9. The process of any of embodiments 1 to 8, wherein the pH
of the mother liquor obtained from (a) is above 10,
preferably in the range of from 10.5 to 12, more prefer-
ably from 11 to 11.5.

10. The process of any of embodiments 1 to 9, wherein in
(b), the pH of the mother liquor obtained in (a) is adjusted
to a value in the range of from 6.5 to 8.5, preferably from
7 to 8.

11. The process of any of embodiments 1 to 10, wherein in
(b), the pH is adjusted by a method comprising
(aa) adding an acid to the mother liquor obtained from (a)

containing the B-MWW precursor, wherein the adding
is preferably carried out at least partially under stirring.

12. The process of embodiment 11, wherein in (aa), the
adding is carried out at a temperature in the range of from
20 to 70° C., preferably from 30 to 65° C., more prefer-
ably from 40 to 60° C.

13. The process of embodiment 11 or 12, wherein in (aa), the
acid is an inorganic acid, preferably an aqueous solution
containing the inorganic acid.

14. The process of embodiment 13, wherein the inorganic
acid is selected from the group consisting of phosphoric
acid, sulphuric acid, hydrochloric acid, nitric acid, and a
mixture of two or more thereof, the inorganic acid pref-
erably being nitric acid.

15. The process of any of embodiments 11 to 14, the method
additionally comprising
(bb) stirring the mother liquor to which the acid was

added according to (aa), wherein during (bb), no acid is
added to the mother liquor.

16. The process of embodiment 15, wherein in (bb), the
stirring is carried out at a temperature in the range of from
20 to 70° C., preferably from 25 to 65° C., more prefer-
ably from 30 to 60° C.

17. The process of any of embodiments 1 to 16, wherein in
(b), the size of the particles contained in the mother liquor,
expressed by the respective Dv10, Dv50, and Dv90 value,
is increased for at least 2%, preferably at least 3%, more
preferably at least 4.5% regarding Dv10, for at least 2%,
preferably at least 3%, more preferably at least 4.5%
regarding Dv50, and for at least 5%, preferably at least
6%, more preferably at least 7% regarding Dv90.
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18. The process of any of embodiments 1 to 17, wherein the
pH-adjusted mother liquor obtained from (b) has a solids
content in the range of from 1 to 10 weight-%, preferably
from 4 to 9 weight-%, more preferably from 7 to 8
weight-%, based on the total weight of the pH-adjusted
mother liquor obtained from (b).

19. The process of any of embodiments 1 to 18, wherein the
pH-adjusted mother liquor obtained from (b) has a filtra-
tion resistance in the range of from 10 to 50 mPa*s/m?,
preferably from 15 to 45 mPa*s/m?, more preferably from
20 to 40 mPa*s/m>.

20. The process of any of embodiments 1 to 19, further
comprising
(d) washing the B-MWW precursor obtained from (c),

preferably the filter cake obtained from (c), wherein the
washing is preferably performed using water was wash-
ing agent.

21. The process of embodiment 20, wherein in (d), the filter
cake obtained from (c) is has a washing resistance in the
range of from 10 to 50 mPa*s/m?, preferably from 15 to
45 mPa*s/m?, more preferably from 20 to 40 mPa*s/m>.

22. The process of embodiment 20 or 21, wherein the
washing is carried out until the conductivity of the filtrate
is at most 300 microSiemens/cm, preferably at most 250
microSiemens/cm, more preferably at most 200 micro-
Siemens/cm.

23. The process of any of embodiments 1 to 22, further
comprising
(e) drying the B-MWW precursor obtained from (c),

preferably from (d), at a temperature in the range of
from 20 to 50° C., preferably from 20 to 40° C., more
preferably from 20 to 30° C., wherein the drying is
preferably carried out by subjecting the B-MWW to a
gas stream, preferably a nitrogen stream.

24. The process of any of embodiments 1 to 23, wherein the
residual moisture of the B-MWW precursor obtained
from (c), preferably from (d), more preferably from (e), is
in the range of from 80 to 90 weight-%, preferably from
80 to 85 weight-%.

25. The process of any of embodiments 1 to 24, further
comprising
() preparing a suspension, preferably an aqueous suspen-

sion, containing the B-MWW precursor obtained from
to (c), preferably from (d), more preferably from (e),
and having a solids content in the range of from 10 to
20 weight-%, preferably from 12 to 18 weight-%, more
preferably from 14 to 16 weight-%;

(g) spray drying the suspension obtained from (f) con-
taining the B-MWW precursor, obtaining a spray pow-
der;

(h) calcining the spray powder obtained from (g) contain-
ing the B-MWW precursor, preferably at a temperature
in the range of from 500 to 700° C., more preferably
from 550 to 650° C., more preferably from 575 to 625°
C. for a period of time in the range of from 1 to 24 h,
preferably from 2 to 18 h, more preferably from 6 to 12
h, obtaining a spray powder of which at least 99
weight-%, more preferably at least 99.5 weight-%
consist of the B-MWW.

26. The process of embodiment 25, wherein in (h), the
calcining is carried out in continuous mode, preferably in
a rotary calciner, preferably at a throughput in the range
of from 0.5 to 20 kg spray powder per h.

27. The process of embodiment 25 or 26, wherein the degree
of crystallinity of the B-MWW contained in the spray
powder obtained from (h) is at least (75+5)%, preferably
at least (80£5)%, as determined via XRD.
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28. The process of any of embodiments 25 to 27, wherein the
BET specific surface area of the B-MWW contained in the
spray powder obtained from (h) is at least 300 m*/g,
preferably in the range of from 300 to 500 m?*/g, as
determined according to DIN 66131.

Preferably, stage (II) is carried by a process whose pre-
ferred steps and conditions are defined by the following
embodiments 1 to 7 and the respective dependencies as
indicated:

1. A process for the preparation of a zeolitic material,
comprising
(a) providing the boron-containing zeolitic material of

structure type MWW (B-MWW) obtained according to
stage (I);

(b) deboronating the B-MWW by treating the B-MWW
with a liquid solvent system thereby obtaining a debo-
ronated B-MWW (MWW);

wherein the liquid solvent system is selected from the
group consisting of water, monohydric alcohols, poly-
hydric alcohols, and mixtures of two or more thereof,
and wherein said liquid solvent system does not contain
an inorganic or organic acid or a salt thereof, the acid
being selected from the group consisting of hydrochlo-
ric acid, sulfuric acid, nitric acid, phosphoric acid,
formic acid, acetic acid, propionic acid, oxalic acid, and
tartaric acid.

2. The process of embodiment 1, wherein the liquid solvent
system does not contain an inorganic or organic acid, or
a salt thereof.

3. The process of embodiment 1 or 2, wherein the liquid
solvent system is selected from the group consisting of
water, methanol, ethanol, propanol, ethane-1,2-diol, pro-
pane-1,2-diol, propane-1,3-diol, propane-1,2,3-triol, and
mixtures of two or more thereof, preferably water.

4. The process of any of embodiments 1 to 3, wherein the
treating according to (b) is carried out at a temperature in
the range of from 50 to 125° C.

5. The process of any of embodiments 1 to 4, wherein the
treating according to (b) is carried out for a time in the
range of from 6 to 20 h.

6. The process of any of embodiments 1 to 5, wherein the
treating according to (b) is carried out in at least 2 separate
steps, wherein between at least 2 treating steps, the MWW
is dried, preferably at a temperature in the range of from
100 to 150° C.

7. The process of any of embodiments 1 to 6, further
comprising
(c) post-treating the MWW obtained from (b) by a process

comprising

(c.1) separating the MWW from the liquid solvent
system,

(c.2) preferably drying the separated MWW, preferably
by spray-drying;

(c.3) optionally calcining the MWW obtained from
(c.1) or (c.2), preferably at temperatures in the range
of from 500 to 700° C.

As far as stage (III) is concerned, preferably a suitable
starting mixture, preferably an aqueous mixture, containing
the MWW and a Ti containing precursor, and preferably
containing at least one suitable micropore-forming agent, is
subjected to hydrothermal crystallization under autogenous
pressure. It may be conceivable to use at least one suitable
seeding material. As suitable Ti containing precursor, tet-
raalkylorthotitanates such as tetrabutylorthotitanate may be
mentioned by way of example. As suitable micropore-
forming agent, piperidine, hexamethylene imine, or mix-
tures of piperidine and hexamethylene imine may be men-
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tioned by way of example. Preferably, the crystallization

time is in the range of from 4 to 8 days, more preferably from

4 to 6 days. During hydrothermal synthesis, the crystalliza-

tion mixture may be stirred. The temperatures applied during

crystallization are preferably in the range of from 160 to
200° C., more preferably from 160 to 180° C. After hydro-
thermal synthesis, the obtained crystalline zeolitic material

TIMWW is preferably suitably separated from the mother

liquor. All methods of separating the TIMWW from its

mother liquor are conceivable. These methods include, for
example, filtration, ultrafiltration, diafiltration and centrifu-
gation methods or, for instance, spray drying processes and
spray granulation processes. A combination of two or more
of these methods can be applied. According to the present
invention, the TIMWW is preferably separated from its
mother liquid by filtration to obtain a filter cake which is
preferably subjected to washing, preferably with water.
Subsequently, the filter cake, optionally further processed to
obtained a suitable suspension, is subjected to spray drying
or to ultrafiltration. Prior to separating the TIMWW from its
mother liquor, it is possible to increase the TIMWW content
of the mother liquor by concentrating the suspension. If
washing is applied, it is preferred to continue the washing
process until the washing water has a conductivity of less
than 1,000 microSiemens/cm, more preferably of less than

900 microSiemens/cm, more preferably of less than 800

microSiemens/cm, more preferably of less than 700 micro-

Siemens/cm. After separation of the TIMWW from its

mother liquor, preferably achieved via filtration, and after

washing, the washed filter cake containing the TIMWW is
preferably subjected to pre-drying, for example by subject-

ing the filter cake to a suitable gas stream, preferably a

nitrogen stream, for a time preferably in the range of from

4 to 10 h, more preferably from 5 to 8 h. Subsequently, the

pre-dried filter cake is preferably dried at temperatures in the

range of from 100 to 300° C., more preferably from 150 to
275° C., more preferably from 200 to 250° C. in a suitable
atmosphere such as technical nitrogen, air, or lean air,
preferably in air or lean air. Such drying can be accom-
plished, for example, by spray-drying. After drying, the

TIMWW may be subjected to calcination at temperatures in

the range of from 500 to 700° C., more preferably from 550

to 675° C., more preferably from 600 to 675° C. in a suitable

atmosphere such as technical nitrogen, air, or lean air,
preferably in air or lean air. Preferably, no calcination is

carried out according to (III).

Preferably, stages (III) and (IV) are carried out by a
process whose preferred steps and conditions are defined by
the following embodiments 1 to 27 and the respective
dependencies as indicated:

1. A process for the preparation of a titanium-containing
zeolitic material having an MWW framework structure
comprising
(a) providing the deboronated crystalline zeolitic material

MWW obtained according to stage (1I);

(b) incorporating titanium into the zeolitic material pro-

vided in (a) comprising

(b.1) preparing an aqueous synthesis mixture contain-
ing the zeolitic material provided in (i), an MWW
template compound and a titanium source, wherein
the molar ratio of the MWW template compound
relative to Si, calculated as SiO, and contained in the
zeolitic material provided in (a), is in the range of
from 0.5:1 to 1.4:1;

(b.2) hydrothermally synthesizing a titanium-contain-
ing zeolitic material having an MWW framework
structure from the aqueous synthesis mixture pre-
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pared in (b.1), obtaining a mother liquor comprising
the titanium-containing zeolitic material having an
MWW framework structure;

(c) spray-drying the mother liquor obtained from (b.2)
comprising the titanium-containing zeolitic material
having an MWW framework structure.

2. The process of embodiment 1, wherein in (b.1), the
MWW template compound is selected from the group
consisting of piperidine, hexamethylene imine, N,N,N,N',
N',N'-hexamethyl-1,5-pentanediammonium ion, 1,4-bis
(N-methylpyrrolidini-um)butane, octyltrimethylammo-
nium hydroxide, heptyltrimethylammonium hydroxide,
hexyltrimethylammonium hydroxide, and a mixture of
two or more thereof, the MWW template compound
preferably being piperidine.

3. The process of embodiment 1 or 2, wherein in (b.1), the
titanium source is selected from the group consisting of
tetrabutylorthotitanate, tetraisopropylorthotitanate, tetra-
ethylorthotitanate, titanium dioxide, titanium tetrachlo-
ride, titanium tert-butoxide, and a mixture of two or more
thereof, the titanium source preferably being tetrabuty-
lorthotitanate.

4. The process of any of embodiments 1 to 3, wherein in the
aqueous synthesis mixture in (b.1), the molar ratio of Ti,
calculated as TiO, and contained in the titanium source,
relative to Si, calculated as SiO, and contained in the
zeolitic material having a molar ratio B,0;:SiO, of at
most 0.02:1, is in the range of from 0.005:1 to 0.1:1,
preferably from 0.01:1 to 0.08:1, more preferably from
0.02:1 to 0.06:1.

5. The process of any of embodiments 1 to 4, wherein in the
aqueous synthesis mixture in (b.1), the molar ratio of H,O
relative to Si, calculated as SiO, and contained in the
zeolitic material having a molar ratio B,0;:SiO, of at
most 0.02:1, is in the range of from 8:1 to 20:1, preferably
from 10:1 to 18:1, more preferably from 12:1 to 16:1

6. The process of any of embodiments 1 to 5, wherein in the
aqueous synthesis mixture in (b.1), the molar ratio of the
MWW template compound relative to Si, calculated as
Si0, and contained in the zeolitic material provided in (i),
is in the range of from 0.5:1 to 1.7:1, preferably from
0.8:1 to 1.5:1, more preferably from 1.0:1 to 1.3:1.

7. The process of any of embodiments 1 to 6, wherein in
(b.2), the hydrothermal synthesizing is carried out at a
temperature in the range of from 80 to 250° C., preferably
from 120 to 200° C., more preferably from 160 to 180° C.

8. The process of any of embodiments 1 to 7, wherein in
(b.2), the hydrothermal synthesizing is carried out for a
period in the range of from 10 to 100 h, more preferably
from 20 to 80 h, more preferably from 40 to 60 h.

9. The process of any of embodiments 1 to 8, wherein in
(b.2), the hydrothermal synthesizing is carried out in a
closed system under autogenous pressure.

10. The process of any of embodiments 1 to 9, wherein
neither during (b.2), nor after (b.2) and before (c), the
titanium-containing zeolitic material having an MWW
framework structure is separated from its mother liquor.

11. The process of any of embodiments 1 to 10, wherein the
mother liquor subjected to (¢) comprising the titanium-
containing zeolitic material having an MWW framework
structure has a solids content, optionally after concentra-
tion or dilution, in the range of from 5 to 25 weight-%,
more preferably from 10 to 20 weight-%, based on the
total weight of the mother liquor comprising the titanium-
containing zeolitic material.

12. The process of any of embodiments 1 to 11, wherein
during spray-drying in (c), the drying gas inlet tempera-
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ture is in the range of from 200 to 350° C. and the drying
gas outlet temperature is in the range of from 70 to 190°
C.

13. The process of any of embodiments 1 to 12, wherein the
zeolitic material having an MWW framework structure
obtained from (c) has a Si content in the range of from 30
to 40 weight-%, calculated as elemental Si, a total organic
carbon content (TOC) in the range of from 0 to 14
weight-%, and a Ti content of from 2.1 to 2.8 weight-%,
calculated as elemental titanium, in each case based on the
total weight of the zeolitic material.

14. The process of any of embodiments 1 to 13, further
comprising
(d) treating the titanium-containing zeolitic material hav-

ing an MWW framework structure obtained from (iii)
with an aqueous solution having a pH of at most 5.

15. The process of embodiment 14, wherein after (c) and
before (d), the spray-dried titanium-containing zeolitic
material having an MWW framework structure obtained
from (c) is not subjected to calcination.

16. The process of embodiment 14 or 15, wherein in (d), the
weight ratio of the aqueous solution relative to the tita-
nium-containing zeolitic material having an MWW
framework structure is in the range of from 10:1 to 30:1,
preferably from 15:1 to 25:1, more preferably from 18:1
to 22:1.

17. The process of any of embodiments 14 to 16, wherein in
(d), the aqueous solution comprises an inorganic acid,
preferably selected from the group consisting of phos-
phoric acid, sulphuric acid, hydrochloric acid, nitric acid,
and a mixture of two or more thereof, the aqueous
solution preferably comprising nitric acid.

18. The process of any of embodiments 14 to 17, wherein in
(d), the aqueous solution has a pH in the range of from 0
to 5, preferably from 0 to 3, more preferably from 0 to 2.

19. The process of any of embodiments 14 to 18, wherein in
(d), the titanium-containing zeolitic material having an
MWW framework structure is treated with the aqueous
solution at a temperature in the range of from 50 to 175°
C., preferably from 70 to 125° C., more preferably from
95 to 105° C.

20. The process of any of embodiments 14 to 19, wherein in
(d), the titanium-containing zeolitic material having an
MWW framework structure is treated with the aqueous
solution for a period in the range of from 0.1 to 6 h,
preferably from 0.3 to 2 h, more preferably from 0.5t0 1.5
h.

21. The process of any of embodiments 14 to 20, wherein the
treating according to (d) is carried out in a closed system
under autogenous pressure.

22. The process of any of embodiments 14 to 21, further
comprising
(e) separating the titanium-containing zeolitic material

having an MWW framework structure obtained from
(d) from the aqueous solution, optionally followed by
washing the separated titanium-containing zeolitic
material having an MWW framework.

23. The process of embodiment 22, wherein (e) comprises
drying the separated and optionally washed titanium-
containing zeolitic material having an MWW framework
structure.

24. The process of any of embodiments 14 to 23, further
comprising
() preparing a suspension, preferably an aqueous suspen-

sion containing the titanium-containing zeolitic mate-
rial having an MWW framework structure obtained
from (d), preferably from (e), said suspension having a
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solids content preferably in the range of from 5 to 25
weight-%, more preferably from 10 to 20 weight-%,
based on the total weight of the suspension, and sub-
jecting the suspension to spray-drying.

25. The process of embodiment 24, wherein during spray-
drying, the drying gas inlet temperature is in the range of
from 200 to 330° C. and the drying gas outlet temperature
is in the range of from 120 to 180° C.

26. The process of any of embodiments 14 to 25, further
comprising
(g) calcining the titanium containing zeolitic material

having an MWW framework structure obtained from
(d), preferably from (e), more preferably from (f),
wherein the calcining is preferably carried out at a
temperature in the range of from 400 to 800° C., more
preferably from 600 to 700° C.

27. The process of embodiment 26, wherein in (vii), the
calcining is carried out in continuous mode, preferably
with a rate in the range of from 0.2 to 2.0 kg zeolitic
material per hour, more preferably from 0.5 to 1.5 kg
zeolitic material per hour.

According to stage (V), the TIMWW preferably obtained
according to stage (IV) is subjected to a suitable Zn treat-
ment to obtain the ZnTIMWW used for the preparation of
the suspension according to (a). Generally, as far as (V) is
concerned, no specific restrictions exist provided that above-
defined preferred ZnTiIMWW can be obtained having the
preferred Zn and Ti content. Most preferably, stage (V)
comprises at least one suitable impregnation stage, more
preferably at least one wet impregnation stage. Concerning
this impregnation stage, it is preferred to contact the
TIMWW preferably as obtained according to (IV) is con-
tacted with at least one suitable Zn-containing precursor in
at least one suitable solvent (wet impregnation), most pref-
erably water. As suitable Zn-containing precursor, water-
soluble Zn salts are especially preferred, with zinc acetate
dihydrate being especially preferred. It is further preferred to
prepare a solution of the Zn-containing precursor, preferably
an aqueous solution, and to suspend the TIMWW in this
solution. Further preferably, impregnation is carried out at
elevated temperatures, relative to room temperature, prefer-
ably in the range of from 75 to 125° C., more preferably
from 85 to 115° C., for a time preferably in the range of from
3.5 to 5 h, more preferably from 3 to 6 h. Stirring the
suspension during impregnation is preferred. After the
impregnation, the obtained ZnTIMWW is preferably suit-
ably separated from the suspension. All methods of sepa-
rating the ZnTIMWW from the suspension are conceivable.
Especially preferably, separation is carried out via filtration,
ultrafiltration, diafiltration or centrifugation methods. A
combination of two or more of these methods can be
applied. According to the present invention, the ZnTiIMWW
is preferably separated from the suspension by filtration to
obtain a filter cake which is preferably subjected to washing,
preferably with water. If washing is applied, it may be
preferred to continue the washing process until the washing
water has a conductivity of less than 1,000 microSiemens/
cm, more preferably of less than 900 microSiemens/cm,
more preferably of less than 800 microSiemens/cm, more
preferably of less than 700 microSiemens/cm. Subsequently,
the preferably washed filter cake is subjected to pre-drying,
for example by subjecting the filter cake to a suitable gas
stream, preferably a nitrogen stream, for a time preferably in
the range of from 5 to 15 h, more preferably from 8 to 12.

An especially preferred process for the preparation of a
preferred catalyst according to step (ii) of the process of the
present invention in the form of a molding, comprising the
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ZnTiIMWW, and the respective characterization of this cata-
lyst is described in Reference Example 2 of the present
invention.

Epoxidation Reaction

According to step (ii) of the process of the present
invention, the liquid feed stream provided in (i) is passed
into an epoxidation reactor comprising a catalyst comprising
the titanium zeolite of framework structure type MWW
comprising zinc (ZnTiMWW), and the liquid feed stream is
subjected to epoxidation reaction conditions in the epoxi-
dation reactor. During the epoxidation reaction, a reaction
mixture is formed which comprises propylene oxide,
acetonitrile, water, the at least one potassium salt of a
phosphorus oxyacid, optionally propene, and optionally
propane.

Generally, the continuous epoxidation reaction in (ii) can
be carried out in any appropriate way. Preferably, the reac-
tion in (ii) is carried out in at least one continuously operated
reactor such as a tube reactor or a tube bundle reactor which
preferably contains at least one cooling jacket surrounding
the at least one tube. If the reaction in (ii) is carried out in
such a reactor containing at least one cooling jacket, the term
“reaction temperature” as used herein refers to the tempera-
ture of the cooling medium when entering the cooling jacket.

The catalyst comprising the titanium zeolite of framework
structure type MWW comprising zinc can be employed in
every conceivable form described hereinabove, including a
powder, a micropowder, preferably a spray-powder, as a
molding comprising a powder, or as a molding comprising
micropowder, preferably a spray-powder. Preferably, the
catalyst comprising the titanium zeolite of framework struc-
ture type MWW comprising zinc is employed as a molding
comprising a powder or a micropowder, preferably a spray-
powder, more preferably as a molding comprising a micro-
powder, preferably a spray-powder. Regarding a preferred
micropowder, reference is made to the micropowder char-
acterized by the respective micropowder embodiments 1 to
14 hereinabove. Regarding a preferred molding, reference is
made to the molding characterized by the respective mold-
ing embodiments 1 to 8 hereinabove.

The catalyst used in step (ii) of the present invention can
be arranged in the reactor in every conceivable manner.
Preferably, the catalyst is arranged as fluidized bed or as
fixed bed, more preferably as fixed bed. Therefore, the
present invention also relates to the process as described
above, wherein in (ii), the catalyst comprising a titanium
zeolite of framework structure type MWW comprising zinc
is present in the reactor as fixed-bed catalyst.

As mentioned above, the liquid feed stream provided in (i)
is passed into the reactor in (i) and passed the catalyst
preferably present as fixed bed. During the epoxidation
reaction, the catalyst loading is preferably in the range of
from 0.05 to 1.25 h™*, preferably from 0.1 to 1 h™*, more
preferably from 0.2 to 0.7 h™, wherein the catalyst loading
is defined as the ratio of the mass flow rate in kg/h of
hydrogen peroxide contained in liquid feed stream provided
in (1) divided by the amount in kg of catalyst comprising a
titanium zeolite of structure type MWW comprising zinc
comprised in the epoxidation reactor in (ii). The term “the
epoxidation conditions comprise” as used in this context of
the present invention relates to an epoxidation reaction in
step (ii) wherein in at least 90%, preferably at least 95% of
the catalyst bed in the reactor and during at least 90%,
preferably at least 95% of the overall reaction time, the
catalyst loading is in the above-defined ranges.

During the epoxidation reaction in (ii), the temperature of
the reaction mixture in the reactor is preferably controlled,
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more preferably kept in preferred ranges. In order to control
the temperature of the reaction mixture, internal and/or
external temperature control means can be used. The term
“intern temperature control means” as used in this context of
the present invention relate to means which are arranged in
the reactor. The term “external temperature control means”
as used in this context of the present invention relate to
means which are arranged outside the reactor. Preferably, the
temperature of the reaction mixture is controlled by external
temperature control means, more preferably via a heat
transfer medium which is preferably passed through a suit-
able jacket, which jacket preferably surrounds the reactor. In
case a tube-bundle reactor is used as reactor, the jacket
preferably surrounds all tubes of the tube-bundle. Therefore,
the present invention relates to the process as described
above, wherein during subjecting the liquid feed stream
provided in (i) to epoxidation reaction conditions in (ii), the
temperature of the reaction mixture is controlled using a heat
transfer medium, preferably by passing the heat transfer
medium through a jacket of the epoxidation reactor.

Preferably, during the epoxidation reaction in (ii), the
reaction temperature is in the range of from 20 to 100° C.,
more preferably from 25 to 90° C., more preferably from 30
to 80° C., more preferably from 35 to 70° C., more prefer-
ably from 40 to 60° C. The term “reaction temperature” as
used in this context of the present invention relates to the
temperature of the heat transfer medium prior to controlling
of the temperature of the reaction mixture, preferably to the
temperature of the heat transfer medium at the entrance of
the jacket of the epoxidation reactor, through which jacket
the heat transfer medium is passed. Therefore, the present
invention relates to the process as described above, wherein
in (i), the epoxidation conditions comprise, preferably con-
sist of an epoxidation reaction temperature in the range of
from 20 to 100° C., preferably from 30 to 80° C., more
preferably from 40 to 60° C., wherein the epoxidation
reaction temperature is defined as the temperature of the heat
transfer medium prior to controlling of the temperature of
the reaction mixture, preferably as the temperature of the
heat transfer medium at the entrance of the jacket of the
epoxidation reactor. The term “the epoxidation conditions
comprise” as used in this context of the present invention
relate to an epoxidation reaction in step (ii) wherein for at
least 98%, preferably at least 99%, more preferably at least
99.9% of the overall reaction time, the reaction temperature
is in the above-defined ranges. The term “overall reaction
time” as used in this context of the present invention relates
to the reaction time a given catalyst bed is used before it is
either discarded or subjected to regeneration. In particular at
the beginning of an epoxidation reaction in (ii) when the
catalyst is fresh, i.e. at the start-up of the epoxidation
reaction in (ii), the reaction temperature can be outside the
above-mentioned ranges for a short period of time. Prefer-
ably, the flow rate of the heat transfer medium is chosen so
that the temperature difference between its inlet temperature
and its outlet temperature is at most 3 K, more preferably at
most 2 K, more preferably at most 1 K.

Preferably, during the epoxidation reaction in (ii), the
epoxidation reaction pressure is in the range of from 14 to
100 bar, more preferably from 14.5 to 50 bar, more prefer-
ably from 15 to 32 bar, more preferably from 15 to 25 bar.
The term “epoxidation reaction pressure” as used in this
context of the present invention relates to the pressure at the
exit of the epoxidation reactor where the effluent is removed
from the reactor according to (iii). Therefore, the present
invention relates to the process as described above, wherein
in (i), the epoxidation conditions comprise, preferably con-
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sist of an epoxidation reaction pressure in the range of from
14 to 100 bar, preferably from 15 to 32 bar, more preferably
from 15 to 25 bar. The term “the epoxidation conditions
comprise” as used in this context of the present invention
relate to an epoxidation reaction in step (ii) wherein for at
least 98%, preferably at least 99%, more preferably at least
99.9% of the overall reaction time, the reaction temperature
is in the above-defined ranges. The term “overall reaction
time” as used in this context of the present invention relates
to the reaction time a given catalyst bed is used before it is
either discarded or subjected to regeneration.

Preferably, the epoxidation reaction according to step (ii)
of the present invention is carried out at an essentially
constant hydrogen peroxide conversion. Preferably, in order
to determine the hydrogen peroxide conversion, the molar
flow rate of hydrogen peroxide in the effluent stream
removed in (iii), referred to herein as m,,,,, is compared with
the molar flow rate of hydrogen peroxide in the liquid feed
stream provided in (i), referred to herein as m,,,, and wherein
the hydrogen peroxide conversion is defined as 100x(1-
m,,,/m,). Preferably, the inlet temperature of the heat
transfer medium described above is adjusted in the above-
mentioned preferred ranges in order to keep the hydrogen
peroxide conversion essentially constant in the range of
from 80 to 100%, more preferably from 90 to 100%, more
preferably from 95 to 100%, more preferably from 99 to
100%, more preferably from 99.5 to 100%, more preferably
from 99.9 to 100%.

Therefore, the present invention relates to the process as
described above, wherein in (ii), the epoxidation conditions
comprise a hydrogen peroxide conversion in the range of
from 80 to 100%, preferably from 90 to 100%, more
preferably from 99 to 100%, more preferably from 99.5 to
100%, more preferably from 99.9 to 100%, wherein the
hydrogen peroxide conversion is calculated based on the
amount of hydrogen peroxide comprised in the effluent
stream removed in (iii) and the amount of hydrogen perox-
ide comprised in the liquid feed stream provided in (i). The
term “the epoxidation conditions comprise” as used in this
context of the present invention relate to an epoxidation
reaction in step (ii) wherein for at least 98%, preferably at
least 99%, more preferably at least 99.9% of the overall
reaction time, the hydrogen peroxide conversion is in the
above-defined ranges. The term “overall reaction time” as
used in this context of the present invention relates to the
reaction time a given catalyst bed is used before it is either
discarded or subjected to regeneration. In particular at the
beginning of an epoxidation reaction in (ii) when the catalyst
is fresh, i.e. at the start-up of the epoxidation reaction in (ii),
the hydrogen peroxide conversion can be outside the above-
mentioned ranges for a short period of time. Preferably, the
reaction temperature is not kept constant during the reaction
but is adjusted continuously or step-wise to allow for a
constant hydrogen peroxide conversion. Generally, due to a
certain catalyst deactivation, the reaction temperature is
continuously or step-wise increased. Preferably, the reaction
temperature is continuously or step-wise increased by 1 K/d
(Kelvin/day) at most, more preferably by less than 1 K/d.

Preferably, the reaction mixture which is present in the
reactor in (ii) is liquid under the epoxidation conditions.
Preferably, the reaction mixture consists of one single liquid
phase, of two liquid phases, or of three or more liquid
phases. Preferably, the reaction mixture in the reactor in (ii)
consists of one single liquid phase or of two liquid phases,
more preferably of one single liquid phase.

Generally, the reactor used in step (ii) of the present
invention can be arranged horizontally or vertically. Prefer-
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ably, the reactor is arranged vertically. In the preferably
vertically arranged reactor, the liquid feed stream provided
in (i) can be passed in up-flow mode or on down-flow mode,
the up-flow mode being preferred. Preferably, compared
with the direction of the flow of the liquid feed stream, the
heat transfer medium is passed through the jacket in co-
current mode.

Generally, the epoxidation reaction in (ii) can be carried
out in one or more reactors wherein these reactors can be
arranged in parallel or in series. Preferably, the reaction in
(ii) is carried out in one reactor or in at least two reactors,
preferably two reactors, which are arranged in series
wherein between two reactors arranged in series, a suitable
intermediate treatment can be carried out. If the reaction is
carried out in two reactors arranged in series, it is preferred
that the first reactor is operated as described above, i.e. as
isothermal reactor, and the second reactor, i.e. the down-
stream reactor, is operated as adiabatic or essentially adia-
batic reactor. The term “reactor” as used herein also encom-
passes two or more reactors arranged in parallel wherein a
feed stream passed is divided in two or more sub-streams,
each substream is passed into a reactor, and the effluent
streams removed from the reactors are combined to obtain
the overall effluent stream. Therefore, the epoxidation reac-
tion can be carried out in at least one first reactor such as two
or more first reactors, for example 2, 3, 4 first reactors,
which are arranged in parallel and which are preferably
isothermal reactors, and in at least one second reactor such
as two or more second reactors, for example 2, 3, 4 second
reactors, which are arranged in parallel and which are
preferably adiabatic or essentially adiabatic reactors.

If the epoxidation reaction according to (ii) is carried out
in two reactors arranged in series, it is preferred that in the
first reactor which is preferably an isothermal reactor, the
hydrogen peroxide conversion is kept essentially constant in
a range of from 80 to 99%, preferably from 85 to 98%, more
preferably from 90 to 97%, and in the second reactor which
is preferably designed as adiabatic or essentially adiabatic
reactor, the overall hydrogen peroxide conversion, i.e. the
hydrogen peroxide conversion taking into account the con-
version in the first and the second reactor, is brought to a
value of more than 99%, preferably at least 99.5%, more
preferably at least 99.9%.

In case the reaction according to (ii) is carried out in two
reactors arranged in series without intermediate treatment, it
is preferred that the reaction comprises
(1) providing a liquid feed stream comprising propene,

hydrogen peroxide, acetonitrile, water, at least one dis-

solved potassium salt of a phosphorus oxyacid, and
optionally propane;

(ii-1) passing the liquid feed stream provided in (i) into an
epoxidation reactor comprising a catalyst comprising a
titanium zeolite of framework structure type MWW com-
prising zinc, and subjecting the liquid feed stream to
epoxidation reaction conditions in the epoxidation reac-
tor, obtaining a stream leaving the epoxidation reactor,
said stream comprising propylene oxide, acetonitrile,
water, at least one dissolved potassium salt of a phospho-
rus oxyacid, optionally propane, optionally propene, and
unreacted hydrogen peroxide, wherein the epoxidation
reactor is preferably operated as isothermal reactor;

(ii-2) passing the stream leaving the epoxidation reaction
according to (ii-1), preferably after admixing with pro-
pene optionally admixed with propane, into an epoxida-
tion reactor comprising a catalyst comprising a titanium
zeolite of framework structure type MWW comprising
zinc, and subjecting the liquid feed stream to epoxidation
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reaction conditions in the epoxidation reactor, obtaining a
stream leaving the epoxidation reactor, said stream com-
prising propylene oxide, acetonitrile, water, at least one
dissolved potassium salt of a phosphorus oxyacid, option-
ally propene, and optionally propane; wherein the epoxi-
dation reactor is preferably operated as adiabatic or essen-
tially adiabatic reactor;

(iii) removing the stream obtained in (ii-2) as effluent
stream, the effluent stream comprising propylene oxide,
acetonitrile, water, at least one dissolved potassium salt of
a phosphorus oxyacid, optionally propene, and optionally
propane;

wherein the molar ratio of potassium relative to phosphorus

in the at least one potassium salt of a phosphorus oxyacid is

in the range of from 0.6 to 1.4.

For this case where the reaction according to (ii) is carried
out in two reactors arranged in series without intermediate
treatment, the two reactors arranged in series can be
designed as one reactor comprising two reaction zones,
wherein the first reaction zone according to (ii-1) is prefer-
ably designed as an isothermal reaction zone and the second,
downstream reaction zone according to (ii-2) is preferably
designed as an adiabatic or essentially adiabatic reaction
zone.

In case the reaction according to (ii) is carried out in two
reactors arranged in series with intermediate treatment, it is
preferred that the reaction comprises
(1) providing a liquid feed stream comprising propene,

hydrogen peroxide, acetonitrile, water, at least one dis-

solved potassium salt of a phosphorus oxyacid, and
optionally propane;

(ii-1) passing the liquid feed stream provided in (i) into an
epoxidation reactor comprising a catalyst comprising a
titanium zeolite of framework structure type MWW com-
prising zinc, and subjecting the liquid feed stream to
epoxidation reaction conditions in the epoxidation reac-
tor, obtaining a stream leaving the epoxidation reactor,
said stream comprising propylene oxide, acetonitrile,
water, at least one dissolved potassium salt of a phospho-
rus oxyacid, optionally propane, optionally propene, and
unreacted hydrogen peroxide, wherein the epoxidation
reactor is preferably operated as isothermal reactor;

(ii-2) separating propylene oxide from the stream obtained
from (ii-1), obtaining a stream being enriched in propyl-
ene oxide and depleted of hydrogen peroxide, and a
stream being depleted of propylene oxide and comprising
unreacted hydrogen peroxide, acetonitrile, and water;

(i-3) passing the stream being depleted of propylene oxide
and comprising unreacted hydrogen peroxide, acetoni-
trile, and water, preferably after admixing with propene
optionally admixed with propane, into an epoxidation
reactor comprising a catalyst comprising a titanium zeo-
lite of framework structure type MWW comprising zinc,
and subjecting the liquid feed stream to epoxidation
reaction conditions in the epoxidation reactor, obtaining a
stream leaving the epoxidation reactor, said stream com-
prising propylene oxide, acetonitrile, water, at least one
dissolved potassium salt of a phosphorus oxyacid, option-
ally propene, and optionally propane; wherein the epoxi-
dation reactor is preferably operated as adiabatic or essen-
tially adiabatic reactor;

(ii-4) preferably combining the stream being enriched in
propylene oxide and depleted of hydrogen peroxide
obtained in (ii-2) and the stream obtained in (ii-3);

(iii) removing the stream obtained in (ii-3), preferably the
combined stream obtained in (ii-4), as effluent stream, the
effluent stream comprising propylene oxide, acetonitrile,
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water, at least one dissolved potassium salt of a phospho-

rus oxyacid, optionally propene, and optionally propane;
wherein the molar ratio of potassium relative to phosphorus
in the at least one potassium salt of a phosphorus oxyacid is
in the range of from 0.6 to 1.4.

According to this process where in the intermediate
treatment in (ii-2), propylene oxide is separated from the
stream obtained from (ii-1), the separation is preferably
carried out via distillation. Preferably, the stream leaving the
epoxidation reactor according to (ii-1), said stream compris-
ing propylene oxide, acetonitrile, water, at least one dis-
solved potassium salt of a phosphorus oxyacid, optionally
propane, optionally propene, and unreacted hydrogen per-
oxide, is subjected to a suitable pressure release stage and
passed to the preferred distillation according to (ii-2).
Optionally, the possibly formed gaseous and liquid phases
are suitably separated and passed to different trays of the
distillation tower employed according to (ii-2). Alterna-
tively, the effluent stream can be subjected to said pressure
release directly in the distillation column employed accord-
ing to (ii-2). Preferably, the distillation according to (ii-2) is
carried out so that at most 10% of the propylene oxide
comprised in the stream obtained from (ii-1) are comprised
in the top stream, and at least 95%, preferably at least 98%
of the hydrogen peroxide comprised in the stream obtained
from (ii-1) are comprised in the bottoms stream. The bot-
toms stream is then preferably passed according to (ii-3) to
the downstream epoxidation reactor where, preferably after
admixing propene, the overall hydrogen peroxide conver-
sion is brought to a value of more than 99%, preferably at
least 99.5%, more preferably at least 99.9%. In order to
achieve the desired hydrogen peroxide conversion, it is
possible to suitably adjust the temperature of the stream to
be fed to the downstream epoxidation reactor which is
preferably an adiabatic or essentially adiabatic reactor.
Step (iii)

Preferably, the effluent stream removed in (iii) comprises
the propylene oxide in amount of from 5 to 20 weight-%,
preferably from 8 to 18 weight-%, more preferably 10 to 14
weight-% based on the total weight of the effluent stream;
the acetonitrile in amount of from 60 to 75 weight-%,
preferably from 60 to 65 weight-%, based on the total weight
of the effluent stream;
the water in amount of from 10 to 25 weight-%, preferably
from 15 to 20 weight-%, based on the total weight of the
effluent stream;
optionally the propene with a molar ratio of propene relative
to hydrogen peroxide comprised in the feed stream in the
range of from 0.005:1 to 0.7:1, preferably from 0.25:1 to
0.45:1;
potassium with a molar ratio of potassium comprised in the
of the at least one dissolved potassium salt of a phosphorus
oxyacid relative to hydrogen peroxide comprised in the feed
stream in the range of from 25x107%1 to 250x107%:1,
preferably from 100x107%:1 to 150x107%:1;
optionally the propane, preferably in an amount in the range
of from 95 to 100%, preferably from 98 to 100%, more
preferably from 99 to 100% of the amount contained in the
liquid feed stream provided in (i).

Preferably, at least 95 weight-%, preferably from 95 to
100 weight-%, more preferably from 98 to 100 weight-% of
the effluent stream removed in (iii) consist of propylene
oxide, acetonitrile, water, the at least one dissolved potas-
sium salt of a phosphorus oxyacid, optionally propene, and
optionally propane.

In addition to the major components described above, the
effluent stream removed in (iii) may contain at least one
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further by-product or side-product of the epoxidation reac-
tion or at least compound which is formed in additional
work-up stages and which is recycled into the epoxidation
reaction in the course of the continuous reaction. Such a
by-product or side-product may include, for example, oxy-
gen, or at least one propylene glycol. Therefore, the present
invention relates to the process as described above, wherein
the effluent stream removed in (iii) comprises contains
molecular oxygen, preferably with a molar ratio of the
molecular oxygen comprised in the effluent stream removed
in (iii) relative to the hydrogen peroxide comprised in the
liquid feed stream provided in (i) in the range of from
0.05:100 to 2.5:100, preferably from 0.1:100 to 2.25:100,
more preferably from 0.15:100 to 42:100.

According to the present invention, the effluent stream
removed according to (iii) may contain at least one compo-
nent B wherein the normal boiling point of the at least one
component B is higher than the normal boiling point of
acetonitrile and wherein the decadic logarithm of the octa-
nol-water partition coefficient (log K5, of the at least one
component B is greater than zero. Regarding the determi-
nation of the octanol-water partition coefficient, reference is
made to Reference Example 5 hereinbelow. Typically, the at
least one component B contained in the effluent stream
removed according to (iii) either is a by-product and/or a
side-product obtained during the epoxidation reaction in (ii),
and/or is a compound which is formed during at least one of
the work-up stages being preferably carried out downstream
of step (ii) and which accumulates if certain process streams
of the preferred integrated process are recycled into (i),
and/or is contained as an impurity in at least one of the
starting materials employed in (i) such as an impurity in the
acetonitrile or an impurity in the hydrogen peroxide. Pref-
erably, the at least one component B is propionitrile, 1-ni-
tropropane, 2-nitropropane, 3-methylbutanenitrile, n-pen-
tanenitrile, 1-pentanol, 2-pentanol, 2-butanone,
2-pentanone, 2-hexanone, 4-methyl-2-heptanone, 2,6-dim-
ethyl-4-heptanol, 4,6-dimethyl-2-heptanol, 2,6-dimethyl-4-
heptanone, 4,6-dimethyl-2-heptanone, 2,6-dimethyl-4,6-
heptandiol, 2,4-dimethyloxazoline, 2,5-dimethyloxazo-line,
cis-2,4-dimethyl-1,3-dioxolane, trans-2,4-dimethyl-1,3-di-
oxolane, at least one impurity contained in the hydrogen
peroxide stream employed in (i), or a combination of two or
more of these compounds. Preferably, the at least one
impurity contained in the hydrogen peroxide stream
employed in (i) is an alkyl phosphate such as tris-(2-
ethylhexyl) phosphate, a nonyl alcohol such as diisobutyl-
carbinol, an alkylcyclohexanol ester such as 2-methyl-cy-
clohexylacetate, an N,N-dialkyl carbonamide such as N,N-
dibutylpropionamide, an N-alkyl-N-aryl carbonamide such
as N-ethyl-N-phenylbenzamide, an N,N-dialkyl carbamate
such as 2-ethylhexyl-N-butylcarbamate, a tetraalkyl urea
such as tetra-n-butylurea, a cyclic urea derivative such as
1,3-dihexyltetrahydro-2(1H)-pyrimidone, a phenylalkyl
urea such as N,N-dibutyl-N'-methyl-N'-phenylurea, an
N-alkyl-2-pyrrolidone such as octyl pyrrolidone, an N-alkyl
caprolactam such as n-octyl caprolactam, or a combination
of two or more of these compounds.

Therefore, the present invention relates to the process as
described above, wherein the effluent stream removed in (iii)
comprises
the propylene oxide in amount of from 5 to 20 weight-%,
preferably from 8 to 18 weight-%, more preferably 10 to 14
weight-% based on the total weight of the effluent stream;
the acetonitrile in amount of from 60 to 75 weight-%,
preferably from 60 to 65 weight-%, based on the total weight
of the effluent stream;
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the water in amount of from 10 to 25 weight-%, preferably
from 15 to 20 weight-%, based on the total weight of the
effluent stream;

optionally the propene with a molar ratio of propene relative
to hydrogen peroxide comprised in the feed stream in the
range of from 0.005:1 to 0.7:1, preferably from 0.25:1 to
0.45:1;

potassium with a molar ratio of potassium comprised in the
of the at least one dissolved potassium salt of a phosphorus
oxyacid relative to hydrogen peroxide comprised in the feed
stream in the range of from 25x107%:1 to 250x107°:1,
preferably from 100x107%:1 to 150x107%:1;

optionally the propane, preferably in an amount in the range
of from 95 to 100%, preferably from 98 to 100%, more
preferably from 99 to 100% of the amount contained in the
liquid feed stream provided in (i);

the at least one component B in an amount of from 0.01 to
3 weight-%, preferably from 0.015 to 2 weight-%, more
preferably from 0.02 to 1 weight-% based on the total weight
of the effluent stream.

Preferably, at least 95 weight-%, preferably from 95 to
100 weight-%, more preferably from 98 to 100 weight-% of
the effluent stream removed in (iii) consist of propylene
oxide, acetonitrile, water, the at least one dissolved potas-
sium salt of a phosphorus oxyacid, the at least one compo-
nent B, optionally propene, and optionally propane.

According to the present invention, it was found that the
at least one potassium salt of a phosphorus oxyacid dis-
solved in the liquid feed stream provided in (i) and having
molar ratio of potassium relative to phosphorus in the at least
one potassium salt of a phosphorus oxyacid in the range of
from 0.6 to 1.4, wherein the at least one potassium salt of a
phosphorus oxyacid preferably has the following formula
K,.iHs 10 -0P, 05,41 Wherein n is an integer in the range of
from 1 to 10, preferably from 1 to 5, more preferably from
1 to 3, more preferably 1, and wherein x is in the range of
from 0.6 to 1.4, preferably from 0.7 to 1.3, more preferably
from 0.8 to 1.2, more preferably from 0.9 to 1.05, more
preferably from 0.95 to 1.05, allows for an excellent pro-
pylene oxide selectivity of the epoxidation reaction in (ii)
which is typically at least 90%, preferably at least 93%.
More preferably, the propylene oxide selectivity of the
epoxidation reaction in (ii) is at least 95%, more preferably
at least 96%, more preferably at least 97%, such as from 97
to 98%, wherein the propylene oxide selectivity is defined as
the molar amount of propylene oxide comprised in the
effluent stream removed in (iii) relative to the molar amount
of hydrogen peroxide comprised in the liquid feed stream
provided in (i). Surprisingly, it was found that these pre-
ferred propylene oxide selectivities, for example propylene
oxide selectivities in the range of from 97% to 98%,
preferably from 97.1 to 98%, can be obtained even after a
very long operating time of at least 2500 h, preferably at
least 2700 h, more preferably at least 2900 with a compara-
tively low concentration of potassium in the liquid feed
stream, said potassium concentration, defined as molar ratio
of potassium relative to hydrogen peroxide in the liquid feed
stream provided in (i), preferably being in the range of from
25x107%:1 to 250x107%:1, preferably from 50x107%:1 to
200%x107%:1, more preferably from 100x107%:1 to 150x10~
s:1. These high selectivities are obtained based on a very
high hydrogen peroxide conversion of from 85 to 100%,
preferably from 90 to 100% such as from 95 to 100%.

Yet further, it was found that for extremely long times on
stream of more than 2500 hours, preferably more than 2700
hours, more preferably more than 2900 hours, the catalyst is
subject to essentially no deactivation. In addition to the

10

15

20

25

30

35

40

45

50

55

60

65

34

characteristics described above with regard to the propylene
oxide selectivities and hydrogen peroxide conversions, these
extremely long times on stream represent a very important
process characteristic in view of an economically and eco-
logically desirable industrial-scale process for the epoxida-
tion of propene.

Further Downstream Stages
From the effluent stream removed according to (iii),

propylene oxide can be separated according to any conceiv-

able method. Preferably, the effluent stream removed in (iii)

comprises propene and optionally propane, and the process

of'the present invention, in addition to steps (1), (ii), and (iii),

further comprises

(iv) separating propene, optionally together with propane,
and oxygen which is optionally additionally contained in
the effluent stream, from the effluent stream, obtaining a
stream SO1 enriched in propylene oxide, acetonitrile, and
water, wherein preferably at least 99 weight-% of S01
consist of acetonitrile, water, and propylene oxide;
wherein for separation, preferably a fractionation unit is
used, wherein preferably, at the top of the fractionation
unit, liquid acetonitrile, optionally admixed with liquid
water, is added as entraining agent, and wherein SO1 is
preferably obtained as bottoms streams;

(v) separating propylene oxide from SO1, obtaining a top
stream comprising propylene oxide and being depleted of
acetonitrile and water.

Preferably, prior to (iv), the effluent stream is subjected to
a suitable pressure release stage and passed to the separation
stage according to (iv). Optionally, the possibly formed
gaseous and liquid phases are suitably separated and passed
to different trays of the distillation tower employed accord-
ing to (iv) if the separation according to (iv) is carried via
distillation. Alternatively, the effluent stream can be sub-
jected to said pressure release directly in the distillation
column employed according to (iv); in this case, no pressure
release apparatus downstream of the epoxidation stage and
upstream of the separation stage according to (iv) would be
necessary. Optionally, the temperature of the effluent stream
can be suitably adjusted prior to (iv), preferably after the
pressure release stage.

Preferably, in (v), a further stream S02 is obtained,
preferably as bottoms stream, which is enriched in acetoni-
trile and water. Preferably, at least 95 weight-% of S02
consist of acetonitrile and water, wherein more preferably,
the weight ratio of acetonitrile relative to water in the stream
S02 is greater than 1:1. Therefore, the present invention
relates to the process as described above, which comprises
(v) separating propylene oxide from SO1, obtaining a top

stream comprising propylene oxide and being depleted of

acetonitrile and water, and obtaining a stream S02, pref-
erably as bottoms stream, enriched in acetonitrile and
water, wherein at least 95 weight-% of S02 consist of
acetonitrile and water, and wherein the weight ratio of

acetonitrile relative to water is greater than 1:1.

Further, the present invention relates to a process com-
prising
(iv) separating propene, optionally together with propane,

and oxygen which is optionally additionally contained in

the effluent stream, from the effluent stream, obtaining a

stream SO1 enriched in propylene oxide, acetonitrile,

water, and optionally the at least one component B,

wherein preferably at least 99 weight-% of SO1 consist of

acetonitrile, water, preferably the at least one component

B, and propylene oxide; wherein for separation, prefer-

ably a fractionation unit is used, wherein preferably, at the

top of the fractionation unit, liquid acetonitrile, optionally
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admixed with liquid water, is added as entraining agent,

and wherein SO1 is preferably obtained as bottoms

streams;

(v) separating propylene oxide from SO1, obtaining a top
stream comprising propylene oxide and being depleted of
acetonitrile and water, and obtaining a stream S02, pref-
erably as bottoms stream, enriched in acetonitrile, water
and optionally the at least one component B, wherein
preferably at least 95 weight-% of SO2 consist of acetoni-
trile, water and preferably the at least one component B,
and wherein the weight ratio of acetonitrile relative to
water is greater than 1:1.

Regarding step (iv), no specific restrictions exist. Prefer-
ably, the separation is carried out so that at least 90 weight-
%, more preferably at least 95 weight-%, more preferably at
least 98 weight-%, more preferably at least 99 weight-% of
S01 consist of acetonitrile, water, preferably the at least one
component B, and propylene oxide. Preferably, a fraction-
ation unit is employed for the separation in (iv). Further
preferably, the separation in (iv) is carried out in at least one
distillation tower, more preferably in one distillation tower.
From this distillation tower, SO1 is preferably obtained as
bottoms stream. Preferably, this distillation tower has from
10 to 30, more preferably from 15 to 25 theoretical trays.
The distillation tower is preferably operated at a top pressure
of from 0.5 to 1.2 bar, more preferably of from 0.7 to 1.1 bar.
In order to facilitate said separation task, it was found that
it is advantageous to add either liquid acetonitrile or a liquid
mixture of acetonitrile with water to the top of the column.
It is believed that this external reflux serves as entraining
agent which, among others, prevents propylene oxide from
being separated via the top of the distillation tower. Accord-
ing to a preferred embodiment of the present invention, a
portion of the bottom stream of the distillation tower pref-
erably employed in stage (v) is used. It is also conceivable
that the stream TL2 described hereinbelow or a portion
thereof is used as entraining agent. The amount of TL2 will
not be sufficient, and another stream is to be added. Prefer-
ably, the weight ratio of the amount of acetonitrile fed as
external reflux to the top of the distillation tower relative to
the weight of the effluent stream removed in (iii) fed into the
distillation tower and to be separated in the distillation tower
is in the range of from 1:1 to 4:1 preferably from 1.5:1 to 3:1.
The temperature of the external reflux is generally in the
range of from 2 to 20° C., preferably in the range of from 5
to 15° C. According to the present invention, preferably at
least 85 volume-%, more preferably at least 90 volume-%,
more preferably at least 93 volume-% of the top stream of
the distillation column according to (iv) consist of propene,
oxygen, and optionally propane. Depending on its oxygen
content, this top stream can be passed to a further suitable
work-up stage wherein the oxygen content is suitably
decreased in order to allow, e.g., for recycling the oxygen-
depleted stream to be recycled to one or more stages of the
present invention, such as a starting material for step (ii) of
the inventive process like stage (ii-1) or stage (ii-3), or as
portion of the stream P described hereinbelow. If the oxygen
content of said top stream is reduced, it is preferred to reduce
the oxygen by reaction with hydrogen in the presence of a
suitable catalyst. For example, it is possible to use catalysts
comprising copper in elemental and/or oxidic form on a
support, wherein copper is present on the support in an
amount of 30 to 80 weight-% based on the whole catalyst
and calculated as CuO. Such catalysts can be prepared, for
example, according to the example of EP 0 427 062 A2,
catalyst 2, page 4, lines 41 to 50 (corresponding to U.S. Pat.
No. 5,194,675). In order to reduce the oxygen content, also
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other suitable methods are conceivable. Optionally, said top
stream, prior to be subjected to hydrogenation, can be
compressed and partially condensed wherein a liquid stream
is obtained which essentially consists of propene and option-
ally propane and acetonitrile and which contains minor
amounts of water. The non-condensed portion essentially
consists of propene and optionally propane and oxygen and
contains a minor amount of water wherein, compared to the
basic stream, the oxygen content is increased while still
being in a range so that the mixture is not ignitable. This
oxygen-enriched stream is then subjected to hydrogenation.

Regarding step (v), no specific restrictions exist. Prefer-
ably, the separation is carried out so that preferably at least
90 weight-%, more preferably at least 95 weight-%, more
preferably at least 99 weight-% of S02 consist of acetoni-
trile, water and optionally the at least one component B.
More preferably, the weight ratio of acetonitrile relative to
water in SO2 is greater than 1:1, preferably in the range of
from 2:1 to 10:1, more preferably from 2.5:1 to 5:1. Pref-
erably, a fractionation unit is employed for the separation in
(v). Further preferably, the separation in (v) is carried out in
at least one distillation tower, more preferably in one dis-
tillation tower. Preferably, this tower has of from 50 to 80,
more preferably of from 60 to 70 theoretical trays. The
distillation tower is preferably operated at a top pressure of
from 0.2 to 2 bar, more preferably of from 0.4 to 1 bar.
Optionally, at least one suitable polar solvent or a mixture of
two or more polar solvents, preferably water, can be added
in the upper part of the column as extracting agent.

According to an embodiment of the process of the present
invention, the separation according to step (v) can be carried
out by

introducing SO1 into an extractive distillation column;

additionally introducing a polar extracting solvent or a

mixture of two or more thereof, preferably water, into
said extractive distillation column;

distilling propylene oxide overhead from said extractive

distillation column as top stream, wherein the top
stream comprises only minor amounts of acetonitrile
such as 500 ppm or less;

compressing said top stream obtained overhead in the

previous step by means of at least one compressor to
give a compressed vapor;

condensing the compressed vapor obtained in the previ-

ous step and returning at least part of the heat of
condensation to at least one reboiler employed in the
extractive distillation column.

From this distillation tower according to (v), a top stream
is obtained which contains preferably at least 90 weight-%,
more preferably at least 95 weight-%, more preferably at
least 99 weight-% of propylene oxide. Further from this
distillation tower, S02 is preferably obtained as bottoms
stream which preferably contains 500 weight-ppm at most,
preferably 100 weight-ppm at most, and more preferably 60
weight-ppm at most of propylene oxide, based on the weight
of S02. Depending on the requirements on the propylene
oxide quality, it is conceivable to use this propylene oxide
fraction without any further purification. It is, however, also
conceivable to further purify said propylene oxide fraction,
for example in at least one further distillation stage.

From the distillation tower according to (v) or optionally
from the further distillation stage, a propylene oxide stream
is obtained wherein preferably at least 99.990 weight-%,
more preferably at least 99.995 weight-%, more preferably
at least 99.999 weight-% of said stream consist of propylene
oxide.
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Therefore, the present invention also relates to a compo-
sition comprising at least 99.990 weight-%, preferably at
least 99.995 weight-%, more preferably at least 99.999
weight-% of propylene oxide, preferably obtainable or
obtained by a process comprising steps (iv) and (v) as
described above.

Generally, the stream S02 as described above can be used
as acetonitrile recycle stream which can be used for provid-
ing the liquid feed stream in (i). Further, it is possible that
the stream SO2 is subjected to further work-up steps before
it is used as acetonitrile recycle stream which is used for
providing the liquid feed stream in (i). Preferably, the stream
S02 is subjected to the further work-up steps described
hereinbelow in the embodiments 1 to 13.

Prior to step (vi) as described below, it is conceivable
(v-01) to subject the stream SO2 obtained from step (v) to

hydrogenation; and/or

(v-02) to subject the stream obtained from (v) or from (v-01)
to distillation to obtain a bottoms stream,

wherein the hydrogenated stream obtained from (v-01) or

the bottoms stream obtained from (v-02) is subjected to

further work-up as stream S1. If steps (v-01) and/or (v-02)

is/are carried out, it is preferred

(v-01) to subject the stream SO02 obtained from (v) to a
catalytical hydrogenation stage, the catalyst preferably
being a heterogeneous catalysts comprising Ru, Ni, Pd,
Pt, either individually or as a mixture of two or more
thereof, as active metal on a suitable support material, in
particular Pd on activated carbon; said hydrogenation
preferably being carried out at a pressure during hydro-
genation in the range of from 1 to 100 bar(abs), preferably
from 1 to 10 bar(abs), and a temperature during hydro-
genation in the range of from 0 to 180° C., preferably
from 25 to 120° C., more preferably from 65 to 85° C.;
and/or

(v-02) to subject the stream obtained from (v) or from (v-01)
to a distillation stage, preferably carried out in a distilla-
tion column operated at a top pressure of from 0.7 to 2 bar,
more preferably of from 1.1 to 2 bar.

Preferably, the process of the present invention neither
comprises (v-01) nor (v-02).

Further Work-Up Steps
Preferably, in particular if the liquid feed stream provided

in (i) comprises the at least one component B, the further
work-up stages are carried out by a process whose preferred
steps and conditions are defined by the following embodi-
ments 1 to 13 and the respective combinations of embodi-
ments resulting from the dependencies as indicated:

1. (vi) dividing S1 into two streams S2 and S3, wherein the
total weight of S3 relative to the total weight of S1 is in
the range of from 0.01 to 25%;

(vil) subjecting S3 to a vapor-liquid fractionation in a
fractionation unit, obtaining a vapor fraction stream S4
being depleted of the at least one component B, and
obtaining a liquid bottoms stream S4b being depleted
of acetonitrile;

(viii) recycling at least a portion of S4, optionally after
work-up, to (i).

2. The process of embodiment 1, wherein in (vi), the total
weight of S3 relative to the total weight of S1 is in the
range of from 0.05 to 20%, preferably from 0.1 to 15%,
more preferably from 0.2 to 10%, more preferably from
0.5 to 5%.

3. The process of embodiment 1 or 2, wherein from 90 to
99.9 weight-%, preferably from 95 to 99.8 weight-%,
more preferably from 99 to 99.7 weight-% of S1 consist
of acetonitrile and water and wherein preferably from
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0.01 to 5 weight-%, more preferably from 0.015 to 3
weight-%, more preferably from 0.02 to 2 weight-% of S1
consist of the at least one component B.

4. The process of any of embodiments 1 to 3, wherein in
(vii), vapor-liquid fractionation is carried out in the frac-
tionation unit so that from 10 to 30 weight-%, preferably
from 10 to 25 weight-% of the liquid bottoms stream S4b
consist of acetonitrile and from 0.1 to 10 weight-%,
preferably from 0.25 to 5 weight-% of the liquid bottoms
stream S4b consist of the at least one further component
B.

5. The process of any of embodiments 1 to 4, wherein in
(vii), vapor-liquid fractionation is carried out in the frac-
tionation unit at an absolute pressure in the range of from
0.1 to 10 bar, preferably from 0.5 to 5 bar, more preferably
from 1 to 2 bar.

6. The process of any of embodiments 1 to 5, wherein in
(vii), the number of theoretical trays of the fractionation
unit is in the range of from 1 to 100, preferably from 2 to
25, more preferably from 3 to 10.

7. The process of any of embodiments 1 to 6, wherein a
fraction of S4 is used after condensation as reflux, the
reflux ratio preferably being in the range of from 0.01:1
to 10:1, more preferably from 0.1:1 to 5:1, more prefer-
ably from 0.5:1 to 2:1.

8. The process of any of embodiments 1 to 6, wherein the
fractionation unit is operated without reflux and S3 is fed
to the top of the fractionation unit.

9. The process of any of embodiments 1 to 8, wherein from
95 t0 99.99 weight-%, preferably from 97 to 99.9 weight-
%, more preferably from 98 to 99.9 weight-% of S4
consist of acetonitrile and water, and wherein preferably
from 0.0001 to 0.2 weight-%, more preferably from 0.001
to 0.15 weight-%, more preferably from 0.005 to 0.1
weight-% of S4 consist of the at least one component B.

10. The process of any of embodiments 1 to 9, wherein (viii)
comprises recycling at least a portion of S4, optionally
after work-up, to (i), and recycling at least a portion of S2,
optionally after work-up, to step (i).

According to the present invention, the effluent stream
removed according to (iii) comprises at least a portion of the
at least one potassium salt of a phosphorus oxyacid com-
prised in the feed stream provided in (i). Preferably, the
propylene oxide is separated from the effluent stream in one
or more suitable stages described hereinabove. Further pref-
erably, the thus obtained stream depleted of propylene oxide
is subjected to one or more further stages from which an
acetonitrile recycle stream is preferably obtained which is
fed back to the epoxidation reaction. A preferred recycling
method comprising a stage (viii) is described hereinabove.
Preferably, at least a portion of the at least one potassium salt
of a phosphorus oxyacid comprised in the effluent stream
according to (iii) and preferably comprised in the stream S4,
more preferably in the streams S4 and S2, is suitably
separated from the recycle stream(s) during work-up of S2
and/or S4. More preferably, at least 99%, preferably at least
99.9%, more preferably at least 99.99% of the at least one
potassium salt of a phosphorus oxyacid comprised in S4,
preferably comprised in the streams S4 and S2, are separated
from the recycle stream(s) during work-up of S2 and/or S4.
Therefore, it is especially preferred that an accumulation of
the at least one potassium salt of a phosphorus oxyacid
caused by a re-use of the recycle stream(s) in (i) is essen-
tially completely prevented.

The Catalytic System
According to the present invention, it was found that the

specific combination of a titanium zeolite of framework
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structure type MWW which comprises zinc, and the at least
one potassium salt of a phosphorus oxyacid wherein the
molar ratio of potassium relative to phosphorus in the at least
one potassium salt of a phosphorus oxyacid is in the range
of from 0.6 to 1.4 which is employed as additive leads to
unexpected and superior characteristics of the epoxidation
reaction where propylene oxide is prepared from propene,
preferably with hydrogen peroxide as epoxidation agent, and
preferably in the presence of acetonitrile as solvent. There-
fore, the present invention also relates to catalytic system
comprising a catalyst comprising a titanium zeolite of struc-
ture type MWW comprising zinc and at least one potassium
salt of a phosphorus oxyacid, wherein the molar ratio of
potassium relative to phosphorus in the at least one potas-
sium salt of a phosphorus oxyacid is in the range of from 0.6
to 1.4. The term “catalytic system” as used in this context of
the present invention relates to the system comprised of
catalyst comprising a titanium zeolite of structure type
MWW comprising zinc, and the at least one potassium salt
of a phosphorus oxyacid which catalytic system is realized
when the liquid feed provided in (i) is brought in contact
with the catalyst in (ii). This catalytic system is character-
ized by the following embodiments and combinations of
embodiments resulting from the dependencies as indicated:
1. A catalytic system comprising a catalyst comprising a
titanium zeolite of structure type MWW comprising zinc,
and at least one potassium salt of a phosphorus oxyacid
wherein the molar ratio of potassium relative to phospho-
rus in the potassium salt of the at least one phosphorus
oxyacid is in the range of from 0.6 to 1.4.
2. The catalytic system of embodiment 1, wherein the at
least one potassium salt of a phosphorus oxyacid has the
following formula (I)

Kot 11 nO3ns1 D

wherein n is an integer in the range of from 1 to 10,
preferably from 1 to 5, more preferably from 1 to 3, and
wherein X is in the range of from 0.6 to 1.4, preferably
from 0.7 to 1.3, more preferably from 0.8 to 1.2,
wherein n is preferably 1 and wherein x is preferably in
the range of from 0.95 to 1.05.

3. The catalytic system of embodiment 1 or 2, wherein the
titanium zeolite of structure type MWW comprising zinc
which is comprised in the catalyst in (ii) contains tita-
nium, calculated as elemental titanium, in an amount in
the range of from 0.1 to 5 weight-%, preferably from 1 to
2 weight-%, based on the total weight of the titanium
zeolite of framework structure type MWW comprising
zinc, and contains zinc, calculated as elemental zinc, in an
amount in the range of from 0.1 to 5 weight-%, preferably
from 1 to 2 weight-%, based on the total weight of the
titanium zeolite of framework structure type MWW com-
prising zinc.

4. The catalytic system of any embodiments 1 to 3, wherein
the catalyst comprising a titanium zeolite of framework
structure type MWW comprising zinc is a fixed-bed
catalyst.

5. The catalytic system of any of embodiments 1 to 4,
wherein the catalyst comprising a titanium zeolite of
framework structure type MWW comprising zinc is in the
form of a molding, the molding being characterized by the
following embodiments and combination of embodiments
resulting from the dependencies as indicated:

5.1 A molding, comprising a microporous aluminum-free
zeolitic material of structure type MWW containing
titanium and zinc (ZnTiIMWW), said molding prefer-
ably comprising a micropowder comprising, based on
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the weight of the micropowder, at least 95 weight-% of
a microporous aluminum-free zeolitic material of struc-
ture type MWW containing titanium and zinc (Zn-
TIMWW), said molding more preferably comprising
the micropowder according to any of the micropowder
embodiments 1 to 14 as described hereinabove, the
molding preferably further comprising at least one
binder, preferably a silica binder.

5.2 The molding of embodiment 5.1, comprising mesopo-
res having an average pore diameter in the range of
from 4 to 40 nm, preferably from 20 to 30 nm as
determined by Hg porosimetry according to DIN
66133.

5.3 The molding of embodiment 5.1 or 5.2, having a
crystallinity, as determined by XRD analysis, of at least
(55+/-10) %, preferably in the range of from ((55 to
75)+/-10) %. The crystallinity is understood as being
determined according to Reference Example 4.7 of the
present invention.

5.4 The molding of any of embodiments 5.1 to 5.3,
comprising the micropowder in an amount in the range
of from 70 to 80 weight-% and the silica binder in an
amount of from 30 to 20 weight-%, the micropowder
together with the silica binder constituting at least 99
weight-% of the molding, wherein the molding has a
concentration of silanol groups with respect to the total
number of Si atoms of at most 6%, preferably at most
3%, as determined according to °Si MAS NMR. The
concentration of the silanol groups is understood as
being determined according to Reference Example 4.2
of the present invention.

5.5 The molding of any of embodiments 5.1 to 5.4, being
a strand having circular cross-section and a diameter in
the range of from 1.5 to 1.7 mm and having a crush
strength of at least 5 N, preferably in the range of from
5 to 20 N, more preferably in the range of from 12 to
20 N, the crush strength being determined by crush
strength test machine 7Z2.5/TS1S according to the
method as described in Reference Example 4.3 of the
present invention.

5.6 The molding of any of embodiments 5.1 to 5.5, the
2°Si-NMR spectrum of said molding comprising six
peaks at the following position
peak 1 at —98+/-x ppm,
peak 2 at —104+/—x ppm,
peak 3 at —110+/-x ppm,
peak 4 at —113+/-x ppm,
peak 5 at —115+/-x ppm,
peak 6 at —118+/-x ppm,

with x in any of the peaks being 1.5, preferably 1.0, more
preferably 0.5, wherein Q which is defined as

0=100*{[a,+a,)/[a+astae)}/az

is at most 2.5, preferably at most 1.6, preferably at most
1.4, with [a,+a,] being the sum of the peak areas of
peaks 1 and 2, and [a,+as+a,] being the sum of the peak
areas of peaks 4, 5, and 6, and a; being the peak area
of peak 3. These **Si-NMR characteristics are under-
stood as being determined according the Reference
Example 4.4 of the present invention.

5.7 The molding of any of embodiments 5.1 to 5.6, having
a water uptake in the range of from 3 to 8 weight-%,
preferably from 4 to 7 weight-%. The water uptake is
understood as being determined according to Reference
Example 4.5 of the present invention.

5.8 The molding of any of embodiments 5.1 to 5.7, the
infrared spectrum of said molding comprising a band in
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the region of (3700-3750)+/-20 cm™" and a band in the
region of (3670-3690)+/-20 cm™', wherein the inten-
sity ratio of the band in the region of (3700-3750)+/-20
cm™' relative to the band in the region of (3670-
3690)+/-20 cm™! is at most 1.5, preferably at most 1.4.

6. The catalytic system of any embodiments 1 to 5 for the
epoxidation of propene.

7. The catalytic system of any of embodiments 1 to 6, being
obtainable or obtained by
(") providing a liquid feed stream comprising propene,

hydrogen peroxide, acetonitrile, water, optionally pro-
pane, and the at least one preferably dissolved potas-
sium salt of a phosphorus oxyacid, wherein the molar
ratio of potassium comprised in the at least one potas-
sium salt of a phosphorus oxyacid relative to hydrogen
peroxide in the liquid feed stream is preferably in the
range of from 25x107%:1 to 250x107%:1, more prefer-
ably from 50x107%1 to 200x107°%:1, more preferably
from 100x107%1 to 150x107%1, and wherein the
weight ratio of water relative to acetonitrile in the
liquid feed is preferably at most 1:4, more preferably in
the range of from 1:50 to 1:4, more preferably from
1:15 to 1:4.1, more preferably from 1:10 to 1:4.2;
(ii") passing the liquid feed stream provided in (i') into an
epoxidation reactor comprising the catalyst comprising
a titanium zeolite of structure type MWW comprising
zinc, wherein in (ii"), the liquid feed stream is prefer-
ably subjected to epoxidation reaction conditions in the
epoxidation reactor, obtaining a reaction mixture com-
prising propylene oxide, acetonitrile, water, the at least
one dissolved potassium salt of a phosphorus oxyacid,
optionally propene, and optionally propane.

8. The catalytic system of embodiment 7, wherein the liquid
feed stream provided in (i') contains potassium with a
molar ratio of potassium relative to the relative to hydro-
gen peroxide in the liquid feed stream is in the range of
from 25%x107%:1 to 250x107:1, preferably from 50x10~
6:1 to 200x107%:1, more preferably from 100x107%:1 to
150x107%:1.

9. The catalytic system of embodiment 7 or 8, wherein the
liquid feed stream provided in (i') contains ammonium
NH,* in amount of at most 2 weight-ppm, preferably at
most 1 weight-ppm.

10. The catalytic system of any of embodiments 7 to 9,
wherein the liquid feed stream provided in (i') contains
sodium in a molar ratio of sodium relative to hydrogen
peroxide in the range of from 1x107%1 to 250x107%:1,
preferably from 5x107%1 to 50x107%1.

11. The catalytic system of any of embodiments 7 to 10,
wherein the liquid feed stream passed into the reactor in
(ii') has a temperature in the range of from 0 to 60° C.,
preferably from 25 to 50° C., and is at a pressure in the
range of from 14 to 100 bar, preferably from 15 to 25 bar.

12. The catalytic system of any of embodiments 7 to 11,
wherein in (ii'), the temperature of the reaction mixture is
controlled using a heat transfer medium, preferably by
passing the heat transfer medium through a jacket of the
epoxidation reactor.

13. The catalytic system of any of embodiments 7 to 12,
wherein in (ii'), the epoxidation conditions comprise an
epoxidation reaction temperature in the range of from 20
to 100° C., preferably from 30 to 80° C., more preferably
from 40 to 60° C., wherein the epoxidation reaction
temperature is defined as the temperature of the heat
transfer medium prior to controlling of the temperature of
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the reaction mixture, preferably as the temperature of the
heat transfer medium at the entrance of the jacket of the
epoxidation reactor

14. The catalytic system of any of embodiments 7 to 13,

5 wherein in (ii"), the epoxidation conditions comprise an
epoxidation reaction pressure in the range of from 14 to
100 bar, preferably from 15 to 32 bar, more preferably
from 15 to 25 bar, wherein the epoxidation reaction
pressure is defined as the pressure at the exit of the
epoxidation reactor.

15. The catalytic system of any of embodiments 7 to 14,
wherein in (ii'), the reaction mixture is liquid under the
epoxidation conditions, the reaction mixture preferably
consisting of one single liquid phase under the epoxida-
tion conditions.

16. The catalytic system of any of embodiments 7 to 15,
having a deactivation rate of at most 0.010 K/d, preferably
at most 0.009 K/d, more preferably at most 0.008 K/d at

10

20  an operating time of 500 h, preferably of at most 0.007
K/d, preferably at most 0.006 K/d, more preferably at
most 0.005 K/d at an operating time of 1000 h, more
preferably of at most 0.005 K/d, preferably at most 0.004
K/d, more preferably at most 0.003 K/d at an operating
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time of 2000 h, more preferably at most 0.003 K/d, more

preferably at most 0.002 K/d at an operating time of 2979

h.

The present invention is further illustrated by the follow-
ing reference examples, examples and comparative

30 examples.

EXAMPLES
Reference Example 1
Epoxidation Reaction Setup

A vertically arranged tubular reactor (length: 1.4 m,
4o internal diameter: 7 mm) equipped with a jacket for ther-
mostatization was charged with 15 g of the respective
catalyst in the form of strands with a diameter of 1.5 mm as
described in Reference Example 2 and Reference Example
3 below. The remaining reactor volume was filled with inert
material (steatite spheres, 2 mm in diameter) to a height of
about 5 cm at the lower end of the reactor and the remainder
at the top end of the reactor.

The reactor was thermostatized by passing a mixture of
water and ethylene glycol as heat transfer medium through
50 the jacket. The heat transfer medium was fed at the lower
end of the jacket, flowing in co-current mode relative to the
liquid feed stream passed into the reactor. The temperature
of the heat transfer medium at the entrance of the jacket was
defined as the reaction temperature, also referred to as T,.
The flow rate of the heat transfer medium was suitably
adjusted so that the difference between its temperature at the
entrance of the jacket and its temperature at the exit of the
jacket was at most 1 K.

The pressure in the reactor was controlled by a pressure
control valve and maintained at a constant value of 20 bar,, ..

The reactor feed stream was combined from three sepa-
rate feed streams which were metered by using separate
metering pumps:

The first stream consisted of a mixture of acetonitrile

(Asahi Kasei, chemical grade, acetonitrile content at
least 99.9 weight-%, water content less than 500
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weight-ppm) with water. The weight ratio of water
relative to acetonitrile was chosen as indicated in Table
1 in the Examples and Comparative Examples below.
This first stream was employed having a flow rate of 68
g/h.

The second stream consisted of liquefied polymer grade
propene, having a propane content of 99.5 weight-%.
This second stream was employed having a flow rate of
10.8 g/h.

The third stream consisted of an aqueous hydrogen per-
oxide solution with a hydrogen peroxide concentration
of 40 weight-%. This third stream was employed hav-
ing a flow rate of 16.8 g/h. Different oxyacid additives
as indicated in Table 1 in the Examples and Compara-
tive Examples below were dissolved in the hydrogen
peroxide stream in amounts also shown below in Table
1.

The three feed streams were premixed before the mixed
feed was fed at ambient temperature to the bottom of the
tubular reactor as liquid feed stream. Under the conditions
the liquid feed stream consisted of one single liquid phase.

The experiments were performed in a continuous manner.
At the start of the run (t=0, defined as the point in time at
which the hydrogen peroxide metering pump was started),
the reaction temperature was set to a value in the range of 30
to 45° C. as shown in the examples. With a fresh catalyst this
resulted in an initial 100% conversion of hydrogen peroxide.
After a certain period of time, usually within 100 hours on
stream, the hydrogen peroxide conversion started to
decrease. The temperature was then adjusted, generally once
to twice a day, in order to keep the hydrogen peroxide
conversion in a range of from 85 to 96%. The average rate
at which the temperature was increased in order to keep the
hydrogen peroxide conversion essentially constant, referred
to hereinbelow as the parameter delta T,/delta t, is a measure
of the rate of catalyst deactivation. This parameter was
calculated by dividing the difference between the cooling
medium temperature at end of the indicated time period and
the starting temperature and dividing it by the total number
of hours on stream.

The reactor effluent stream downstream the pressure
control valve was collected, weighed and analyzed. Organic
components, with the exception of hydroperoxypropanols
and oxygen were analyzed in two separate gas-chromato-
graphs. The hydrogen peroxide content was determined
colorimetrically using the titanyl sulfate method. The con-
tent of hydroperoxy-propanols, a mixture of 1-hydroperoxy-
propanol-2 and 2-hydroperoxypropanol-1, was determined
by iodometrically measuring the total peroxide content and
then subtracting the hydrogen peroxide content.

The selectivity for propylene oxide (S) given was deter-
mined relative to the hydrogen peroxide and was calculated
as 100 times the ratio of moles of propylene oxide in the
effluent stream divided by the moles of hydrogen peroxide
in the feed. The selectivity for propylene glycol given was
calculated as 100 times the ratio of moles of propylene
glycol in the effluent divided by the moles of hydrogen
peroxide in the feed. The selectivity for hydroperoxypropa-
nols given was calculated as 100 times the ratio of twice the
number of moles of hydroperoxypropanols in the effluent
divided by the moles of hydrogen peroxide in the feed. The
selectivity for molecular oxygen given was calculated as 100
times the ratio of twice the number of moles of molecular
oxygen in the effluent divided by the moles of hydrogen
peroxide in the feed.
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Reference Example 2

Preparation of Epoxidation Reaction Catalyst
(ZnTIMWW)

2.1 Preparation of Boron Containing Zeolite of Structure
MWW (BMWW)

A 2 m?® stirred tank reactor was first loaded with 470.4 kg
of deionized water. After starting the stirrer at 70 rpm,
boric acid (162.5 kg) was added and the suspension was
stirred for 3 h. Subsequently, piperidine (272.5 kg) was
added at once causing the temperature to rise from 28°
C. to 46° C. To this solution colloidal silica (Ludox
AS40, 392.0 kg) was added. The reactor was then
slowly heated to 170° C. within 5 hours and then kept
at this temperature under stirring for 120 hours. The
maximum pressure during the reaction was 9.3 bar.
Afterwards the reactor was cooled down to 50° C. The
gel obtained had a pH of 11.3 and a viscosity of 15
mPas at 20° C. The gel was then filtered and the filter
cake washed with deionized water until the conductiv-
ity of the washings was below 500 microSiemens/cm.
The filter cake was then suspended in deionized water
and the suspension was spray-dried at 235° C. using
nitrogen as the carrier gas. The white powder obtained
(174.3 kg) contained 3.5 weight-% water. This white
powder was then calcined at 650° C. in a rotary kiln to
give 138.2 kg of boron containing zeolite of structure
type MWW (BMWW) as a white powder.

2.2 Deboronation of BMWW with Water

A 5 m? stirred tank reactor was loaded with 125 kg of the
BMWW obtained according to the previous step and
3750 kg of deionized water. The reactor was then
slowly heated to 100° C. within 1 hour under stirring at
70 rpm, and then kept at this temperature for 20 hours
and finally cooled to a temperature below 50° C. before
it was filtered. The filter cake was then washed with
deionized water until the washings had conductivity
below 15 microSiemens. The filter cake was then dried
for 6 hours under a nitrogen stream. The filter cake was
then removed and suspended in 850 kg of deionized
water. This suspension was then spray-dried at 235° C.
using nitrogen as the carrier gas. The spray dried
material weighed 118.5 kg and contained 42.5
weight-% Si, 0.06 weight-% B and 0.23 weight-% C
(total organic carbon, TOC).

2.3 Preparation of Titanium Containing Zeolite of Structure
Type MWW (TIMWW)

A 2 m?® stirred tank reactor was first loaded with 111.2 kg
of the spray-dried material from the previous step 2.2.
In a separate 2 m® stirred tank reactor were placed 400
kg of deionized water. After starting the stirrer at 80
rpm, piperidine (244.0 kg) was added. After the addi-
tion of piperidine was finished the mixture was stirred
for 5 minutes before tetrabutyl orthotitanate (22.4 kg)
was added. The pipe through which the titanate was
added was then flushed with 40 kg of deionized water.
The mixture was then stirred for 1 hour before being
added to the first stirred tank reactor containing the
spray-dried powder under stirring (50 rpm). The reactor
was then heated to 170° C. and kept at this temperature
for 120 h before being cooled to 50° C. The maximum
pressure during the reaction was 10.6 bar. The cooled
suspension was then filtered and the filter cake was
washed with deionized water until the washings had
conductivity below 1300 microSiemens/cm and an
approximately neutral pH value. The filter cake was
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then dried under a nitrogen stream for 6 hours. The
filter cake containing about 80 weight-% of water was
used directly for the next step. The filter cake from the
previous step and 1000 kg of deionized water were
filled in a 2 m® stirred tank reactor. Then 1900 kg of
nitric acid (53 weight-% in water) were added under
stirring at 70 rpm. The reactor was then heated to 100°
C. and kept at this temperature for 20 hours before
being cooled to 50° C. The suspension obtained was
then filtered and the filter cake was washed with
deionized water until the conductivity was below 10
microSiemens/cm and the washings were approxi-
mately neutral. Subsequently the filter cake was dried
under a stream of nitrogen for 6 hours. This filter cake
was then suspended in water and spray-dried at 235° C.
using nitrogen as the carrier gas. 96 kg of a spray-dried
powder were obtained. This material was then calcined
in a rotary kiln at 650° C. 84 kg of titanium zeolite of
structure type MWW (TIMWW) were obtained as a
powder containing 43 weight-% Si, 2.0 weight-% Ti
and 0.2 weight-% C (TOC). The pore volume deter-
mined by Hg-porosimetry according to DIN 66133 was
7.3 ml/g and the BET surface area determined accord-
ing to DIN 66131 was 467 m?/g.

5

46
ZnTIMWW catalyst contained 41 weight-% Si, 1.4
weight-% Ti and 1.2 weight-% Zn.

Reference Example 3

Preparation of Epoxidation Reaction Catalyst
(TIMWW)

3.1 Preparation of Boron Containing Zeolite of Structure

10 MWW (BMWW)

15

20

A 50 liter stirred tank reactor was loaded with 22.05 kg of

deionized water and 8.515 kg of piperidine. The mix-
ture was then stirred for a few minutes at 150 rpm
before 5.076 kg of boric acid were added. The resulting
mixture was stirred for 30 minutes. Pyrogenic silica
(Aerosil 200, 4.9 kg) was then added portion wise and
the resulting suspension was stirred for 2 hours. The
reactor was then heated to 170° C. within 2 hours and
kept at this temperature for 120 hours. The maximum
pressure during the reaction was 8.9 bar. After cooling
to 50° C. the suspension was filtered and the filter cake
was washed twice, each washing using 50 liters of
deionized water. The filter cake was then dried for 24

2.4 Preparation of a Zinc Containing TIMWW (ZnTiIMWW) 25
by Impregnation
A2 m’ stirred tank reactor was then loaded with 960 kg
of water and 5.83 kg of zinc acetate dihydrate. After
stirring for 30 min, TIMWW powder (32.0 kg, obtained
according to the previous step) was added. The reactor 30

hours at 80° C. under a stream of nitrogen, then
oven-dried at 100° C. for 16 hours and finally calcined
at 600° C. for 10 hours to obtain 4.95 kg of a white
BMWW powder containing 1.4 weight-% B.
3.2 Deboronation of BMWW with Acid
A 200 liter stirred tank reactor was loaded with 150 kg of

was then heated to 100° C. and kept at this temperature
for 4 hours before being cooled to 50° C. The suspen-
sion obtained was then filtered and the filter cake was
washed 5 times with 120 liter portions of deionized

nitric acid (30 weight-% in water) and the BMWW
powder from the previous step and stirred at 100 rpm
for 10 minutes. The reactor was then heated to 100° C.
and kept at this temperature under stirring for 20 hours.

water. The washed filter cake was then dried under a 35 After cooling to 50° C. the suspension was filtered and
stream of nitrogen for 6 hours. It was then suspended the filter cake washed with deionized water until the
in deionized water and spray-dried at 235° C. using washings were approximately neutral. The filter cake
nitrogen as the carrier gas. 34 kg of spray-dried mate- was then dried for 15 hours under a stream of nitrogen
rial were obtained which was then calcined at 650° C. and finally oven dried at 120° C. for 16 hours. 4.117 kg
for 30 min in a rotary kiln. 28.5 kg of TIMWW 40 of a white powder containing 0.061 weight-% B were

containing zinc (ZnTiIMWW) powder were obtained

obtained.

that contained 42 weight-% Si, 1.9 weight-% Ti, 1.6
weight-% Zn and 0.16 weight-% C (TOC). The pore
volume determined by Hg-porosimetry according to

3.3 Preparation of Titanium Containing Zeolite of Structure
Type MWW (TIMWW)
A 20 liter stirred tank reactor was then loaded with 10.5

DIN 66133 was 6.6 ml/g and the BET surface area 45 kg of deionized water and 5.07 kg of piperidine. The
determined according to DIN 66131 was 335 m%/g. mixture was stirred (170 rpm) for 10 minutes before
2.5 Preparation of Moldings Containing ZnTIMWW and adding 700 g of tetrabutyl orthotitanate. The mixture
Silica Binder was stirred for a further 30 min and then 3.5 kg of the
In a kneader the ZnTIMWW powder from the previous powder obtained from the previous step 3.2 were
step (27.0 kg) and hydroxymethylcellulose (Walocel™, 50 added. After stirring for 2 hours the reactors was heated
2.0 kg) were kneaded for 5 minutes. Then colloidal to 170° C. and kept at this temperature for 120 hours.
silica (Ludox® AS 40, 16.9 kg) was added. After The maximum pressure during the reaction was 9.1 bar.
kneading for 10 minutes deionized water (57.6 kg) was After cooling to 50° C. the resulting suspension was
added and the mixture was kneaded for further 60 filtered and the filter cake was washed with twice with
minutes. The paste obtained was then extruded through 55 25 liters of deionized water per washing. The filter cake
plates with cylindrical holed with 1.5 mm diameter was then dried at 100° C. for 48 hours. 4.073 kg of a
with a pressure of 65-80 bar. The strands obtained were wet white powder containing 2.3 weight-% Ti, 36.0
dried for 16 hours at 120° C. and then calcined for 5 weight-% Si and 10.4 weight-% C (TOC) were
hours at 500° C. The strands obtained were then sieved obtained. The powder (4.0 kg) and 120 kg of nitric acid
in a 0.8 mm sieve to remove fines. The ZnTIMWW 60 (30 weight-% in water) were then loaded to a 200 liter
catalyst strands obtained (34.2 kg) had a diameter of stirred tank reactor. The suspension was then stirred at
1.5 mm and lengths between 5 and 25 mm. The bulk 100 rpm and the reactor heated to 100° C. and kept at
density of the catalyst was 345 g/I. The pore volume this temperature for 20 hours. After cooling to 50° C.
determined by Hg-porosimetry determined according the resulting suspension was filtered and the filter cake
to DIN 66133 was 1.1 ml/g and the BET surface area 65 washed with deionized water until the washings were

determined according to DIN 66131 was 371 m*/g. The
elementary analysis showed that the molded

approximately neutral. The filter cake was then dried at
120° C. for 16 hours and finally calcined at 550° C. for
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10 hours. 3.185 kg of TIMWW powder with 1.7
weight-% Ti and 45.0 weight % Si were obtained.
3.4 Preparation of Moldings Containing TIMWW and Silica
Binder
TiIMWW powder (3.0 kg) obtained from the previous step
3.3 and hydroxymethylcellulose (Walocel™, 200 g)
were kneaded for 5 minutes. Then colloidal silica
(Ludox® AS40, 2.5 kg) were added under continuous
kneading. After a further 10 min of kneading deionized
water (3.0 kg) was added under kneading. The paste
thus obtained was then extruded through plates with
cylindrical holed with 1.5 mm diameter with a pressure
of 75-85 bar. The strands obtained were dried for 16
hours at 120° C. and then calcined for 5 hours at 500°
C. The strands obtained were then sieved using a 0.8
mm sieve to remove fines. The TIMWW catalyst
strands obtained (3.88 kg) had a diameter of 1.5 mm
and lengths between 5 and 25 mm. The pore volume
determined by Hg-porosimetry according to DIN
66133 was 0.7 ml/g and the BET surface arca deter-
mined according to DIN 66131 was 92 m*g. The
elementary analysis showed that the molded TIMWW
catalyst contained 43.5 weight-% Si and 1.1 weight-%
Ti.

Reference Example 4
Characterization of the Catalyst
Reference Example 4.1
Determination of Dv10, Dv50, and Dv90 Values

1.0 g of the micropowder is suspended in 100 g deionized
water and stirred for 1 min. The sample was subjected to the
measurement in an apparatus using the following param-
eters: Mastersizer S long bed version 2.15, ser. No. 33544-
325; supplier: Malvern Instruments GmbH, Herrenberg,
Germany: focal width 300RF mm; beam length 10.00 mm;
module MS17; shadowing 16.9%; dispersion model 3$$D;
analysis model polydisperse correction none.

Reference Example 4.2

Determination of the Silanol Concentration of the
Moldings of the Present Invention

For the determination of the silanol concentration, the
2°Si MAS NMR experiments were carried out at room
temperature on a VARIAN Infinityplus-400 spectrometer
using 5.0 mm ZrQ, rotors. The *’Si MAS NMR spectra were
collected at 79.5 MHz using a 1.9 us 7/4 (microsecond pi/4)
pulse with 10 s recycle delay and 4000 scans. All *°Si
spectra were recorded on samples spun at 6 kHz, and
chemical shifts were referenced to 4,4-dimethyl-4-silapen-
tane sulfonate sodium (DSS). For the determination of the
silanol group concentration, a given *°Si MAS NMR spec-
trum is deconvolved by the proper Gaussian-Lorentzian line
shapes. The concentration of the silanol groups with respect
to the total number of Si atoms is obtained by integrating the
deconvolved *°Si MAS NMR spectra.

Reference Example 4.3

Determination of the Crush Strength of the
Moldings

The crush strength as referred to in the context of the
present invention is to be understood as determined via a
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crush strength test machine Z2.5/TS1S, supplier Zwick
GmbH & Co., D-89079 Ulm, Germany. As to fundamentals
of this machine and its operation, reference is made to the
respective instructions handbook “Register 1: Betriebsan-
leitung/Sicherheitshandbuch fiir die Material-Priifmaschine
72.5/TS18”, version 1.5, December 2001 by Zwick GmbH
& Co. Technische Dokumentation, August-Nagel-Strasse
11, D-89079 Ulm, Germany. With said machine, a given
strand is subjected to an increasing force via a plunger
having a diameter of 3 mm until the strand is crushed. The
force at which the strand crushes is referred to as the
crushing strength of the strand. The machine is equipped
with a fixed horizontal table on which the strand is posi-
tioned. A plunger which is freely movable in vertical direc-
tion actuates the strand against the fixed table. The apparatus
was operated with a preliminary force of 0.5 N, a shear rate
under preliminary force of 10 mm/min and a subsequent
testing rate of 1.6 mm/min. The vertically movable plunger
was connected to a load cell for force pick-up and, during the
measurement, moved toward the fixed turntable on which
the molding (strand) to be investigated is positioned, thus
actuating the strand against the table. The plunger was
applied to the stands perpendicularly to their longitudinal
axis. Controlling the experiment was carried out by means
of' a computer which registered and evaluated the results of
the measurements. The values obtained are the mean value
of the measurements for 10 strands in each case.

Reference Example 4.4

2°Si Solid-State NMR Spectra Regarding Q* and
Q* Structures

The effect of the inventive water treatment on the molding
related to Q* and Q* structures in the material was charac-
terized by comparing the changes in *°Si solid-state NMR
spectra under comparable conditions. All *°Si solid-state
NMR experiments were performed using a Bruker Advance
spectrometer with 300 MHz 'H Larmor frequency (Bruker
Biospin, Germany). Samples were packed in 7 mm ZrO,
rotors, and measured under 5 kHz Magic Angle Spinning at
room temperature. >°Si direct polarization spectra were
obtained using (pi/2)-pulse excitation with 5 microsecond
pulse width, a *°Si carrier frequency corresponding to —65
ppm in the spectrum, and a scan recycle delay of 120 s.
Signal was acquired for 25 ms under 45 kHz high-power
proton decoupling, and accumulated over 10 to 17 hours.
Spectra were processed using Bruker Topspin with 30 Hz
exponential line broadening, manual phasing, and manual
baseline correction over the full spectrum width. Spectra
were referenced with the polymer Q8MS8 as an external
secondary standard, setting the resonance of the trimethyl-
silyl M group to 12.5 ppm. The spectra were then fitted with
a set of Gaussian line shapes, according to the number of
discernable resonances. Relating to the presently assessed
spectra, 6 lines in total were used, accounting for the five
distinct peak maxima (at approximately -118, -115, -113,
-110 and -104 ppm) plus the clearly visible shoulder at -98
ppm. Fitting was performed using DMFit (Massiot et al.,
Magnetic Resonance in Chemistry, 40 (2002) pp 70-76).
Peaks were manually set at the visible peak maxima or
shoulder. Both peak position and line width were then left
unrestrained, i.e., fit peaks were not fixed at a certain
position. The fitting outcome was numerically stable, i.e.,
distortions in the initial fit setup as described above did lead
to similar results. The fitted peak areas were further used
normalized as done by DMFit. After the water treatment of
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the invention, a decrease of signal intensity at the left hand
side of the spectrum was observed, a region that includes Q*
silanol structures (here especially: around and above -104
ppm, i.e. “left” of —104 ppm). Further, an increase of signal
at the right hand side of the spectrum (here: below —-110
ppm, i.e. “right” of =110 ppm) was observed, which region
comprises Q* structures exclusively. For the quantification
of spectrum changes, a ratio was calculated that reflects
changes in the peak areas “left hand” and “right hand”, as
follows. The six peaks were labeled with 1, 2, 3, 4, 5, and
6, and the ratio Q was calculated with the formula 100%*{
[a,+a,]/[a,+as+ag] }/as. In this formula, a, ,_, ¢ represents
the area of the fitted peak to which this number was
attributed.

Reference Example 4.5
Water Adsorption/Desorption—Water Uptake

The water adsorption/desorption isotherms measurements
were performed on a VTI SA instrument from TA Instru-
ments following a step-isotherm program. The experiment
consisted of a run or a series of runs performed on a sample
material that has been placed on the microbalance pan inside
of the instrument. Before the measurement were started, the
residual moisture of the sample was removed by heating the
sample to 100° C. (heating ramp of 5° C./min) and holding
it for 6 h under a N, flow. After the drying program, the
temperature in the cell was decreased to 25° C. and kept
isothermal during the measurements. The microbalance was
calibrated, and the weight of the dried sample was balanced
(maximum mass deviation 0.01 wt. %). Water uptake by the
sample was measured as the increase in weight over that of
the dry sample. First, an adsorption curve was measured by
increasing the relative humidity (RH) (expressed as
weight-% water in the atmosphere inside of the cell) to
which the samples was exposed and measuring the water
uptake by the sample at equilibrium. The RH was increased
with a step of 10 wt. % from 5 to 85% and at each step the
system controlled the RH and monitored the sample weight
until reaching the equilibrium conditions and recording the
weight uptake. The total adsorbed water amount by the
sample was taken after the sample was exposed to the 85
weight-% RH. During the desorption measurement the RH
was decreased from 85 wt. % to 5 wt. % with a step of 10%
and the change in the weight of the sample (water uptake)
was monitored and recorded.

Reference Example 4.6
FT-IR Measurements

The FT-IR (Fourier-Transformed-Infrared) measurements
were performed on a Nicolet 6700 spectrometer. The mold-
ing was powdered and then pressed into a self-supporting
pellet without the use of any additives. The pellet was
introduced into a high vacuum (HV) cell placed into the
FT-IR instrument. Prior to the measurement the sample was
pretreated in high vacuum (10~> mbar) for 3 h at 300° C. The
spectra were collected after cooling the cell to 50° C. The
spectra were recorded in the range of 4000 to 800 cm™ at a
resolution of 2 cm™. The obtained spectra are represented in
a plot having on the x axis the wavenumber (cm™') and on
the y axis the absorbance (arbitrary units, a.u.). For the
quantitative determination of the peak heights and the ratio
between these peaks a baseline correction was carried out.
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Changes in the 3000-3900 cm™ region were analyzed and
for comparing multiple samples, as reference the band at
1880+5 cm™" was taken.

Reference Example 4.7
Determination of Crystallinity Via XRD

The crystallinity of the zeolitic materials according to the
present invention was determined by XRD analysis. The
data were collected using a standard Bragg-Brentano dif-
fractometer with a Cu—X-ray source and an energy disper-
sive point detector. The angular range of 2° to 70° (2 theta)
was scanned with a step size of 0.02°, while the variable
divergence slit was set to a constant illuminated sample
length of 20 mm. The data were then analyzed using TOPAS
V4 software, wherein the sharp diffraction peaks were
modeled using a Pawley fit containing a unit cell with the
following starting parameters: a=14.4 Angstrom (1 Ang-
strom=10""° m) and ¢=25.2 Angstrom in the space group
P6/mmm. These were refined to fit the data. Independent
peaks were inserted at the following positions. 8.4°, 22.4°,
28.2° and 43°. These were used to describe the amorphous
content. The crystalline content describes the intensity of the
crystalline signal to the total scattered intensity. Included in
the model were also a linear background, Lorentz and
polarization corrections, lattice parameters, space group and
crystallite size.

Reference Example 5

Definition and Determination of the Octanol-Water
Partition Coefficient K, ;-

The octanol-water partition coefficient K- of a given
compound is defined as the ratio of said compound’s chemi-
cal concentration in the octanol phase relative to said
compound’s chemical concentration in the aqueous phase in
a two-phase system of 1-octanol and water at a temperature
of 25° C.

The octanol-water partition coefficient K- of a given
compound is determined using the shake-flask method
which consists of dissolving the compound in a volume of
high-purity 1-octanol and deionized water (pre-mixed and
calibrated for at least 24 h) and measuring the concentration
of the compound in each the 1-octanol phase and the water
phase by a sufficiently exact method, preferably via UV/VIS
spectroscopy. This method is described in the OECD Guide-
line for the testing of chemicals, number 107, adopted on
Jul. 27, 1995.

Examples and Comparative Examples
Effect of the Nature of the Additive

The examples and the comparative examples summarized
in the Table 1 below were performed according to epoxida-
tion reaction setup as described in Reference Example 1
above. The reactor was loaded with either with the
ZnTIMWW catalyst according to Reference Example 2 or
with the TIMWW catalyst according to Reference Example
3. As solvent, different acetonitrile/water mixtures were
employed as indicated in Table 1 below. The experiment was
run continuously. The starting temperature was set to 45° C.
As indicted in Table 1 below, different additives were
employed via the hydrogen peroxide stream, the third stream
as described in Reference Example 1 above. In each case,
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the additive concentration of the overall feed stream passed
into the expoidation reactor, in terms of the concentration of
potassium contained in the additive, was 130 micromol per
mol hydrogen peroxide.

52
1:8.1, but with the additive K,HPO, with a molar ratio of
potassium relative to phosphorus of 2 and, thus, above 1.4,
showed a lower propylene oxide selectivity (97.0% com-
pared to 97.7%) and a higher deactivation rate (0.008 K/d

Depending on the selectivity S, the propylene oxide 5 compared to 0.003 K/d). In particular for industrial-scale
selectivity as described in Reference Example 1 above, and processes such as the preparation of propylene oxide, these
the deactivation rate dT,/dt, also described in Reference preferred characteristics after a long operation time render
Example 1 above, the individual runs were either stopped the process extremely advantageous.
after 500 h or 1000 h. In particular, a given run was stopped The respective epoxidation reaction which was carried
if either the propylene oxide selectivity and/or the deacti- 10 with the same catalyst (Zn'TiIMWW) and the same H,O:
vation rate, compared to another comparable run, showed a ACN weight ratio of 1:8.1, but with the additive
lower performance. When comparing two runs, it was made K, sH, sPO, with a molar ratio of potassium relative to
sure that they differed in only one parameter, either the phosphorus of 0.5 and, thus, below 0.6, was stopped after
nature of the catalyst, or the nature of the additive, or the only 500 h, due to a propylene oxide selectivity of only
weight ratio of water relative to acetonitrile (H,O:ACN). 15 90.2% and a comparatively high deactivation rate of 0.015
The criteria used for deciding why a specific run was K/d. The same applies to the respective epoxidation reaction
stopped after a given time or continued are given in the which was carried with the same catalyst (ZnTiIMWW) and
footnotes of Table 1 below. the same H,O:ACN weight ratio of 1:8.1, but with the

TABLE 1
Results of the Examples and the Comparative Examples
Solvent Operating Time
weight 500 h 1000 h 2000 h
Catalytic System ratio dT,/dt 8§ dT/dt S dT,/dt S
Catalyst Additive HO:ACN (K/d) (%) (Kd) (%) &/d) (%)
TIMWW K,HPO, 1:5.7  0.018 942 0.014 93.5 R
181 0012 925 —b —Db LoD
KH,PO, 1:5.7 0016 8.1 —» — S
181 0016 958 0012 951 o>
ZnTiIMWW K,HPO, 1:5.7  0.015 947 0.008 944 —© 9
1:81 0021 979 0011 97.7 0.008 97.0
KH,PO, 1:5.7 0058 923 —2 —2» 2 _2
1:8.1  0.007 983 0004 980 0.003 97.9
Ko.sH, sPO, 1:8.1 0015 902 —® 8 R
ZnTIMWW NH,H,PO, 1:81 0016 877 —7 R R —

D not contimued after 500 h due to selectivity of 92.5% compared to 97.9% with ZnTIMWW
2 not continued after 500 h due to selectivity of 92.3% compared to 98.3% with H;O:ACN = 1:8.1
» not continued after 500 h due to selectivity of 89.1% compared to 92.3% with ZnTIMWW

4 not continued after 1000 h due to selectivity of 93.5% compared to 94.4% with ZnTIMWW
» not continued after 1000 h due to selectivity of 95.1% compared to 98.0% with ZnTIMWW
9 not continued after 1000 h due to selectivity of 94.4% compared to 97.7% with HO:ACN = 1:8.1

7 not continued after 500 h due to selectivity of 87.7% compared to 98.3% with KH,PO,
® not continued after 500 h due to selectivity of 90.2% compared to 98.3% with KH,PO,

4 provided by preparing an in situ equimolar aqueous mixture of KH;PO, and H3PO, in the third stream

(hydrogen peroxide stream) as described in Reference Example 1 above

The epoxidation reaction wherein ZnTIMWW was
employed as catalyst, the weight ratio H,O:ACN was 1:8.1
and the additive was KH,PO,, was further continued. It was
found that even after an operating time of 2979 h which
corresponds to about 124 d, the propylene oxide selectivity
was still 97.5% and, thus, higher than the propylene oxide
selectivity of 97.0 after only 2000 h of the epoxidation
reaction with the same ZnTiMW W catalyst, the same weight
ratio H,O:ACN of 1:8.1, but with K,HPO,, as additive.
Results

Based on the individual runs described in Table 1 above,
it was surprisingly found that the combination of a
ZnTIMWW catalyst and a potassium salt of a phosphorus
oxyacid as additive with a molar ratio of potassium relative
to phosphorus in the range of from 0.6 to 1.4, in particular
KH,PO,, by far the best long-time performance of the
epoxidation reaction and of the catalytic system of catalyst
and additive was achieved. Compared to this process, the
epoxidation reaction which was carried with the same cata-
lyst (Zn'TIMWW) and the same H,O:ACN weight ratio of
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additive NH,H,PO,, an additive which—compared to the
very preferred additive KH,PO,—contains ammonium
instead of potassium, the ammonium having been suggested
by the prior art documents WO 2009/008493 and WO
2011/006990. This epoxidation reaction was stopped after
only 500 h, due to a low propylene oxide selectivity of only
87.7% and a comparatively high deactivation rate of 0.016
K/d.
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The invention claimed is:

1. A continuous process for the preparation of propylene
oxide, comprising

(1) providing a liquid feed stream comprising propene,
hydrogen peroxide, acetonitrile, water, optionally pro-
pane, and at least one dissolved potassium salt of a
phosphorus oxyacid;

(ii) passing the liquid feed stream provided in (i) into an
epoxidation reactor comprising a catalyst comprising a
titanium zeolite of structure MWW comprising zinc,
and subjecting the liquid feed stream to epoxidation
reaction conditions in the epoxidation reactor, obtain-
ing a reaction mixture comprising propylene oxide,
acetonitrile, water, the at least one dissolved potassium
salt of a phosphorus oxyacid, optionally propene, and
optionally propane;

(iii) removing an effluent stream from the epoxidation
reactor, the effluent stream comprising propylene
oxide, acetonitrile, water, at least a portion of the at
least one dissolved potassium salt of a phosphorus
oxyacid, optionally propene, and optionally propane;

wherein a molar ratio of potassium relative to phosphorus
in the at least one potassium salt of a phosphorus

oxyacid is in a range of from 0.6 to 1.4.

2. The process of claim 1, wherein the at least one
potassium salt of a phosphorus oxyacid has the following
formula (I)

KoisHo4 (1560103041 0]
wherein n is an integer in a range of from 1 to 10, and
wherein X is in a range of from 0.6 to 1.4.

3. The process of claim 2, wherein n is 1.

4. The process of claim 2, wherein x is in a range of from
0.95 to 1.05.

5. The process of claim 1, wherein a weight ratio of water
relative to acetonitrile in the liquid feed stream provided in
(1) is at most 1:4.

6. The process of claim 1, wherein a molar ratio of
potassium comprised in the at least one potassium salt of a
phosphorus oxyacid relative to hydrogen peroxide in the
liquid feed stream provided in (i) is in a range of from
25x107%1 to 250x107°:1.

7. The process of claim 1, wherein the liquid feed stream
provided in (i) contains ammonium NH,* in an amount of at
most 2 weight-ppm.
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8. The process of claim 1, wherein the liquid feed stream
provided in (i) contains sodium in a molar ratio of sodium
relative to hydrogen peroxide in a range of from 1x107%:1 to
250%x1079:1.

9. The process of claim 1, wherein the liquid feed stream
provided in (i) comprises

acetonitrile in an amount of from 60 to 75 weight-%,

based on a total weight of the liquid feed stream;
hydrogen peroxide in an amount of from 6 to 10 weight-
%, based on the total weight of the liquid feed stream;
propene with a molar ratio of propene relative to hydro-
gen peroxide comprised in the liquid feed stream in a
range of from 1:1 to 1.5:1; and
optionally propane with a molar ratio of propane relative
to a sum of propene and propane in a range of from
0.0001:1 to 0.15:1;

wherein at least 95 weight-% of the liquid feed stream
provided in (i) consist of propene, hydrogen peroxide,
acetonitrile, water, the at least one dissolved potassium
salt of a phosphorus oxyacid, and optionally propane.

10. The process of claim 1, wherein the titanium zeolite
of framework structure MWW comprising zinc comprised in
the catalyst in (ii) contains titanium, calculated as elemental
titanium, in an amount of from 0.1 to 5 weight-%, based on
a total weight of the titanium zeolite of framework structure
MWW comprising zinc, and contains zinc, calculated as
elemental zinc, in an amount of from 0.1 to 5 weight-%,
based on the total weight of the titanium zeolite of frame-
work structure MWW comprising zinc.

11. The process of claim 1, wherein a propylene oxide
selectivity of the epoxidation reaction according to (ii) is at
least 95%, wherein the propylene oxide selectivity is defined
as a molar amount of propylene oxide comprised in the
effluent stream removed in (iii) relative to a molar amount of
hydrogen peroxide comprised in the liquid feed stream
provided in (i).

12. The process of claim 1, wherein the effluent stream
removed in (iii) comprises propene, optionally propane, and
optionally oxygen, the process further comprising

(iv) separating propene, optionally together with propane

and oxygen, from the effluent stream, obtaining a
stream SO1 enriched in propylene oxide, acetonitrile,
and water;

(v) separating propylene oxide from SO1, obtaining a

stream comprising propylene oxide and being depleted
of acetonitrile and water.
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